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ABSTRACT 


Nearly  instantaneous  precipitation  rates  have  been  measured  in  several 
locations  to  develop  point  frequencies  of  occurrence  of  1-minute  rates-  Tliese 
are  tabulated  by  months  for  about  one  year  of  data  from  locations  in  Floridr , 
North  Carolina,  New  Jersey,  Alaska,  and  the  Marshall  Islands.  Four-minute 
rain  rates  are  tabulated  for  a  very  limited  sample  cf  data  from  Bogor,  Indonesia. 

Similar  data  for  shorter  periods  of  time  have  been  derived  for  Flagstaff, 
Arizona,  and  Fort  Sherman,  Canal  Zone.  A  four-year  average  table  cf  frequencies 
has  been  derived  for  the  summer  months  at  a  location  near  Tombstone,  Arizona. 
Tables  of  4-minute  rates  are  included  for  three  locations  in  Vietnam. 

Two-minute  average  frequencies  along  lines  of  raingages  have  been  tabulated 
for  England  and  central  Florida. 
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INTRODUCTION 


The  purpose  of  this  research  project  has  been  to  define  the  frequencies 
of  occurrence  of  instantaneous  rainfall  rates  for  a  wide  variety  of  rain 
climates  of  the  world.  This  was  to  be  done  for  both  point  locations  and  for 
average  rates  along  lines. 

Such  data  are  useful  when  selecting  microwave  frequencies  and  power 
levels  for  radars,  ground  and  satellite  communication  systems,  etc.  These 
data  are  also  important  in  the  design  of  super-sonic  vehicles,  since  the 
rate  of  erosion  of  the  vehicles  by  precipitation  particles  is  related  directly 
to  rainfall  rates. 

Knowledge  of  the  amount  of  precipitation  that  fell  in  a  6-hour  period 
tells  little  about  how  rainfall  rates  were  distributed  within  that  period. 

High  rates  lasting  for  short  times  are  lost  in  the  relatively  long  period 
rainfall  amounts,  and  these  can  only  be  detected  in  short  periods  (minutes). 

Early  in  this  study  it  was  determined  that  a  one-minute  interval  was 
about  as  short  a  period  for  which  a  rainfall  rate  could  be  obtained  from 
raingages  with  a  reasonable  degree  of  confidence.  Such  a  1-minute  rate  could 
only  be  ascertained  from  the  best  records  available.  Therefore,  1-minute 
rates  have  been  calculated  for  locales  where  data  existed,  and  these  are 
defined  to  be  "instantaneous"  rates.  There  are  some  indications  that  if 
rates  could  be  accurately  determined  for  periods  of  less  than  one  minute, 
the  frequencies  of  these  rates  would  not  be  significantly  different  than  the 
frequencies  of  the  1-minute  rates. 


DATA  AND  INSTRUMENTATION 


At  the  start  of  the  contract  period,  the  data  known  to  be  available 
and  suitable  for  calculating  1-minute  rates  were  about  one  year  of  raingage 
data  from  each  of  six  of  the  locations  where  the  gages  had  been  operated  in 
conjunction  with  raindrop-size  studies  sponsored  by  the  U.  S.  Army,  (Stout, 
et  al.,  1968).  These  locations  are  Miami,  Florida;  Bogor,  Indonesia;  Majuro 
Atoll,  H"rshall  Islands;  Woody  Island,  Alaska  (near  Kodiak);  Franklin,  North 
Carolina;  and  Island  Beach,  New  Jersey,  Similar  data  for  shorter  periods  of 
operation  were  available  for  Flagstaff,  Arizona,  and  for  Fort  Sherman,  Canal 
Zone;  these  data  were  also  obtained  under  sponsorship  of  the  U.  S.  Army. 

Tiie  same  type  of  recording  raingage  was  used  at  all  the  locations  mentioned 
above.  ’This  type  of  weighing -bucket  precipitation  gage  has  been  used  by  the 
National  Weather  Service  since  1945.  It  is  a  Fergusson  type  gage,  manufactured 
by  Bendix-Friez  as  its  Model  No.  775-B.  As  used  in  the  collection  of  these  data, 
this  gage  was  equipped  with  a  12.648-in  diameter  receiver  which  drained  through 
a  5/16- in  diameter  hole  into  the  bucket.  Recording  was  on  an  11.5-in  chart  on 


a  clock  clinder  geared  to  rotate  once  each  6  hours.  Precipitation  was 
recorded  on  a  vertical  scale  from  C  to  2.40  in  with  a  single  upward  traverse 
of  the  chart,  at  which  point  reversal  occurred  and  another  2.40  in  of 
precipitation  was  recorded  with  a  downward  traverse.  On  the  charts  from  this 
gage,  1  minute  is  equivalent  to  0.8  mm  of  chart  travel,  and  2.5  mm  of  chart 
height  is  equivalent  to  1.0  mm  of  precipitation. 

Other  rainfall  data  have  been  obtained  during  the  period  of  the  contract 
and  these  data  have  been  recorded  on  a  variety  of  gages.  These  data  are  from 
three  stations  in  South  Vietnam;  two  networks  of  gages  in  England;  selected 
gages  in  the  Walnut  Gulch  Network  operated  by  the  Agricultural  Research  Service 
near  Tombstone,  Arizona;  and  the  raingage  records  from  the  Florida  portion  of 
the  Thunderstorm  Project  operated  in  the  summer  of  1946,  (Dyers  and  Praham,  1949). 
Further  discussion  of  the  instrumentation  at  these  locations  will  be  found  in  a 
later  section  of  this  report. 


GENERAL  ANALYSIS  PROCEDURES 


Although  variations  in  the  analytical  procedure  have  been  necessary 
3 eoause  of  the  differing  forms  of  the  original  data,  basically  similar  procedures 
have  been  used  for  much  of  the  data.  For  all  the  locations  involved  with  the 
Army  sponsored  work,  the  original  raingage  charts  were  used.  For  othei’  locations, 
microfilm  or  reproduced  copies  of  the  original  charts  were  used.  For  the 
British  data,  already  tabulated  2-minute  accumulations  were  used.  Cumulative 
frequency  distributions  of  precipitation  rates  have  been  prepared  for  each 
location.  These  are  Tables  1  through  23  in  the  Appendix. 

For  most  of  the  data,  the  first  step  in  the  analysis  was  to  digitize  the 
records.  Where  original  charts  were  used,  and  for  some  locations  where  data 
were  obtained  from  reproduced  copies,  this  digitization  was  done  on  an  Auto-trol 
model  3200  digitizer.  This  equipment  measures  the  chart  trace  to  the  nearest 
1-thousandths  of  an  inch  on  both  X  and  Y  axes.  The  coordinates  of  each  measured 
point  are  punched  semi-automatically  into  punch  cards. 

Another  digitizer,  the  OSCAR  Model  F,  was  used  for  all  records  on 
microfilm,  since  it  has  a  projectc.  that  permits. measurement  from  an  enlarged 
projected  imago.  The  scaling  on  this  equipment  is  variable,  and  was  adjusted 
to  permit  the  1 ighest  accuracy  permitted  by  the  size  of  the  projected  image. 

Although  the  precision  of  the  measurement.^!  for  this  equipment  is  generally  a 
slight  bit  less  than  from  the  Auto-trol,  it  is  believed  to  be  quite  sufficient. 

The  digitized  data  on  punch  cards  were  then  processed  by  computer. 

Various  routine  corrections  were  made  for  the  tilt  of  the  chart  on  the  digitize:.' 
and  to  rectify  the  curvilinear  scales  of  .some  of  the  charts.  Then  rates  were 
calculated  from  t}:e  corrected  measured  points.  Linear  interpolation  was  made 
between  the  measured  points.  Precipitation  rates  were  generally  calculated  for 
each  1-minute  interval  during  precipitati^^n  periods.  The  Vietnamese  data  were 
judged  suitable  for  no  shorter  rlian  4-minute  intervals  and,  as  previously 
indicated,  the  British  d.'ta  were  surrlied  tD  us  as  2-minute  digitized  accumulations. 
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In  all  cases,  the  precipitation  rates  were  expressed  in  units  of  mm/min. 
These  rates  can,  of  course,  be  converted  to  the  more  familiar  units  of  mm/hr 
by  a  multiplication  by  60,  or  to  in/hr  by  a  multiplication  by  a  factor  of 
60/25.4  or  2.36. 

The  computer  then  counted  the  rate  calculations  within  each  class 
interval.  The  class  intervals  were  set  up  on  a  logarithmic  basis,  with  10 
intervals  to  each  decade,  or  order  of  magnitude,  of  the  rates.  Generally, 
all  rates  of  less  than  0.0042  mm/min  (or  0.01  in/hr)  were  considered  to  be 
no  rain,  so  the  threshold  of  the  lowest  class  interval  was  set  at  0.0042  mm/min. 
The  distribution  of  rates  was  then  summed  to  produce  a  cumulative  distribution, 
which  was  then  divided  by  the  number  of  minutes  of  usable  gage  operation  in 
the  sample  to  get  a  cumulative  frequency  distribution  in  terms  of  the  percent 
of  time  that  the  rate  equalled  or  exceeded  the  indicated  threshold  rate.  Only 
with  the  British  data  was  it  necessary  to  express  the  results  in  terms  of 
percent  of  rain  time,  rather  than  as  percent  of  total  time,  because  of  a  lack 
of  knowledge  of  the  total  operating  time  represented  by  the  set  of  data 
analyzed. 


FURTHER  DISCUSSION  OF  DATA  AND  ANALYSES  BY  LOCATIONS 


General  features  of  the  data  and  analysis  procedures  have  been  discussed 
above.  This  section  will  describe  the  location  of  each  gage  from  which  data 
were  obtained  and  explain  any  unique  features  of  the  data.  Throughout  this 
section,  the  Bendix-Friez  775-B  weighing-bucket  recording  precipitation  gage, 
as  described  in  the  "Data  and  Instrumentation"  section  of  this  report,  will 
be  referred  to  as  simply  the  "weighing-bucket  gage". 


Miami,  Florida 


The  weighing -bucket  gage  referred  to  as  "Miami"  was  actually  located 
at  the  sewage  disposal  plant  in  Coral  Gables,  Florida,  within  the  Greater 
Miami  area.  The  geographical  coordinates  of  the  location  ai’e  25®  45'  north 
latitude  and  80®  19'  west  longitude. 

The  gage  was  operated  and  maintained  by  personnel  from  the  University 
of  Miami  at  Coral  Gables,  Florida,  from  August  7,  1957  to  August  18,  1958. 

A  total  of  504,372  minutes  of  usable  data  were  obtained  (525,600  minutes  are 
equivalent  to  365  days).  Some  rain  was  missed  because  of  equipment  problems. 
The  largest  gap  in  the  data  was  from  May  23  to  June  2,  1958.  The  very  heavy 
rains  on  May  23  caused  flooding  which  resulted  in  the  clock  mechanism  of  the 
gage  being  submerged  under  water,  rendering  it  inoperative  until  repairs  could 
be  made. 

The  1-minute  rainfall  rate  frequencies  for  Fiami  are  tabulated  in  Table  1. 
As  shown  in  the  table,  rainfall  rates  at  Miami  can  be  quite  high.  One  rate  was 
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found  to  be  in  excess  of  3.98  mm/min  (9.39  in/hr).  The  only  '^ther  locations 
studied  having  rates  as  high  are  the  tropical  locations  of  the  Canal  Zone  and 
Bogor,  Indonesia.  The  percent  of  time  that  the  rate  exceeds  0.0042  mm/min 
is  relatively  low  at  only  2.57  percent  for  the  annual  frequency  table. 


Majuro  Atoll,  Marshall  Islands 

A  weighing-bucket  gage  was  installed  and  operated  on  the  Majuro  Atoll 
of  the  Marshall  Islands  during  the  period  of  April  15,  1959  to  April  30,  1960. 

The  gage  was  located  at  the  U.  S.  Weather  Bureau  station  at  the  city  of  Majuro 
which  is  located  on  the  southeastern  end  of  the  Majuro  AtolJ .  This  atoll  is 
a  ring  of  islands  surrounding  a  lagoon  about  35  km  long  and  about  6.4  km  wide. 
Dalap  Island,  on  which  the  gage  was  located,  is  oriented  roughly  east -west. 

The  gage  was  installed  at  an  elevation  of  10  feet  above  sea  level,  at  7°  05* 
north  latitude  and  171°  23*  east  longitude. 

The  gage  was  operated  by  U.  S.  Weather  Bureau  personnel.  A  total  of 
462,227  minutes  of  usable  data  were  recorded  out  of  a  possible  548,435  minutes. 
The  missing  data  was  mostly  due  to  failures  of  the  clock.  These  outages 
appeared  to  be  random,  and  not  likely  to  seriously  influence  the  rate  frequencies 
derived  (Table  2).  The  data  for  January  through  March  are  from  the  year  1960. 

May  through  December  are  from  1959,  and  April  is  a  combination  of  data  from 
the  two  years. 

The  highest  rates  that  occurred  during  the  year  of  operations  at  Majuro 
were  above  3.16  mm/min;  however,  such  rates  occurred  only  0.00065  percent  of 
the  time.  Rates  exceeding  0.0042  mm/min  occurred  5.53  percent  of  the  time  on 
an  annual  bas^s.  This  is  more  than  twice  the  similar  frequency  of  Miami. 


Woody  Island,  Alaska 


Woody  Island  is  a  small  island,  located  3  miles  east  of  the  city  of 
Kodiak,  in  the  Chiniak  Bay  of  tlie  Gulf  of  Alaska.  The  gage  was  located  on  the 
east  coast  of  the  island,  at  the  top  of  a  50  foot  cliff.  The  geographical 
coordinates  of  the  location  are  57°  47*  north  latitude  and  150°  20*  west 
longitude . 

The  gage  at  Woody, Island  was  operated  by  personnel  of  the  Federal 
Aviation  Administration  navigational  facility  on  the  island.  The  gage  was 
operated  from  October  18,  1959  to  .‘.ugust  15,  1960.  During  this  period,  the 
largest  periods  of  missing  data  were  slightly  more  than  one  day  in  October 
and  a  little  less  than  a  day  in  July.  Of  course,  as  indicated  by  the  operation 
dates  above,  no  data  were  obtained  for  the  month  of  September. 

Since  this  gage  was  located  on  the  southern  edge  of  Alaska,  more  of  the 
precipitation  was  in  liquid  form  than  might  be  expected  at  a  location  so  far 
north.  Even  so,  the  records  of  the  winter  months  included  some  snow  and 
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freezing  rain.  In  many  cases,  this  frozen  and  freezing  precipitation 
collected  in  the  upper  portions  of  the  gage  and  was  recorded  only  as  it  was 
melted  by  warmer  temperatures,  or  sometimes  by  warmth  and  by  rain.  In  these 
cases,  the  rates  calculated  are  ficticious.  Since  all  the  64  mm  of 
precipitation  in  March  were  involved  in  such  problems,  no  frequency  table 
has  been  presented  for  this  month.  Other  winter  months  are  likely  to  have 
some  reduction  in  reliability  due  to  these  problems. 

In  examining  the  frequencies  of  1-minute  rates  (Table  3),  the  most 
remarkable  characteristic  is  the  very  large  percentage  of  rain  time  above 
0.0042  mm/min.  The  "all  data"  percentage  is  12.1  percent,  and  for  November 
it  is  almost  20  percent  of  the  time.  The  maximum  rates  are  low;  the  highest 
ot  '.erved  being  less  than  0.63  mm/min.  In  general,  this  location  has  long 
^  ars  of  light  precipitation. 


Franklin,  Mox'th  Carolina 


The  actual  location  of  this  weighing-bucket  gage  was  11  miles 
south-southwest  of  Franklin,  North  Carolina,  within  the  grounds  of  the  Coweeta 
Hydrologic  Laboratory  of  the  U.  S.  Forest  Service,  on  the  eastern  slopes  of 
the  Appalachian  Mountains.  The  gage  wos  at  an  elevation  of  4460  feet  above 
mean  sea  level,  at  a  saddle  formation  known  as  Mooney  Gap.  The  land  slopes 
upward  from  this  site  to  nearby  peaks  of  about  5000  feet  on  the  southeast,  west, 
and  northwest.  Hoi’e  specifically,  the  gage  site  was  at  35*^  1'  55"  north  latitude 
and  83°  28'  2"  west  longitude. 

The  weighing-bucket  gage  at  this  site  was  the  same  as  the  others 
previously  descr.'bed  except  that  it  was  surrounded  by  a  "Shasta  III"  windshield 
to  reduce  the  effects  of  wind  on  the  collection  efficiency  (VJarnick,  1956). 

The  gage  was  serviced  by  personnel  of  the  Coweeta  Laboratory  from  the 
beginning  of  December  1960  through  April  3,  1962.  This  site  wai  chosen  because 
of  its  high  total  annual  rainfall.  Coweeta  Laboratory,  gage  No.  8  recorded 
a  23-year  annual  mean  rainfall  of  2358.9  mm  (92.9  inches).  During  the  16 
months  of  operation  at  Mooney  Gap,  3106.6  mm  were  recorded.  After  adjusting 
for  missing  data  and  normalizing  to  an  annual  basis,  this  becomes  2535.4  mm, 

175.5  mm  more  than  the  23-year  normal.  Several  months  had  greater  than  normal 
precipitation,  but  September  and  October  rainfalls  were  much  below  normal. 

The  period  of  operation  included  a  total  of  703,390  minutes.  Of  this 
time,  643,440  minutes  were  successfully  recorded.  Most  of  the  non-operational 
time  occurred  in  the  winter  months  of  December,  January,  and  February.  Much 
of  the  precipitation  during  these  months  was  snow.  \'fhere  the  trace  was  noted 
tc  be  due  to  melting  snow,  such  data  were  discarded,  and  a  suitable  adjustment 
was  made  to  the  operation  time.  Also,  since  the  site  was  remote  from  the 
laboratory  headquarters,  it  was  sometimes  difficult  to  visit  the  gage  during 
adverse  winter  weather.  This  I'esulted  in  some  lost  data  due  to  clock  stoppage. 
Overall,  the  winter  data  must  be  considered  of  much  poorer  quality  than  the  data 
from  other  seasons. 
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The  1-ininute  rate  frequencies  for  Franklin,  North  Carolina,  are  in 
Table  4.  Note  that  the  operational  period  covers  Decerober  through  March  for 
two  years ,  and  the  frequency  tables  for  these  -months  are  the  mean  of  the  two 
years . 

The  annual  frequency  (which  includes  all  the  data  for  16  months)  shows 
a  relatively  high  frequency  of  precipitation  of  7.22  percent.  The  maximum 
rate  is  not  excessive.  The  high  annual  total  precipitation  results  more  from 
high  frequencies  of  precipitation,  rather  than  from  very  high  rates. 


Island  Beach,  New  Jersey 


The  weighing-bucket  gage  at  Island  Beach  State  Park  was  also  equipped 
with  a  Shasta  III  windshield,  as  was  the  gage  in  North  Carolina.  This  gage 
was  located  on  the  Atlantic  beach  within  the  park  which  is  on  a  narrow  peninsula 
between  the  Atlantic  Ocean  and  the  Barnegat  Bay,  about  63  miles  south  of  New 
York  City,  at  39°  52'  north  latitude  and  74°  5'  west  longitude. 

The  gage  was  installed  in  the  fall  of  1960  but  good  continuous  data  was 
not  obtaiiied  until  Hay  24,  1961.  This  gage  was  serviced  from  this  time  through 
May  24,  1962  by  a  local  school  teacher  hired  for  this  work  by  the  Water  Survey. 
During  the  year  of  operation,  the  only  missed  operations  were  in  May  and  June, 
'■'here  in  each  month  a  small  amount  of  data  was  lost  due  to  gage  malfunctions. 
During  the  winter  months,  some  snow  is  included  in  the  data.  Snow  was  not  as 
much  of  a  problem  here  as  it  was  in  Alaska  and  North  Carolina. 

The  frequencies  of  1-minute  rates  for  Island  Beach  are  to  be  found  in 
Table  5.  This  table  shows,  not  surprisingly,  that  the  highest  rates  occurred 
during  the  summer  months  but  the  highest  percentages  of  rain  time  greater 
than  0.0042  mm/min  are  in  the  winter. 


Bog or,  Indonesia 

A  weighing-bucket  gage  was  installed  at  the  University  of  Indonesia  in 
Bogor  from  October  31,  1959  to  April  11,  1961.  Bogor  is  located  on  the  Island 
of  Java,  about  48  km  south  of  Djakarta,  at  6°  30'  south  latitude  and  106°  48' 
east  longitude.  A  plain  slopes  gently  upward  from  the  Java  Sea  at  Djakarta  to 
Bogor,  which  is  at  an  elevation  of  about  260  m,  but  mountain  peaks  of  2  to  3 
km  are  only  16  km  south  of  Bogor. 

Several  difficulties  encountered  in  the  operation  at  Bogor  result  in 
this  dat.i  U’i.ig  the  poorest  and  most  unreliable  of  all  the  data  presented  in 
this  reporl.  The  gage  was  operated  by  the  staff  and  students  of  the  Department 
of  Climatology  of  the  University  of  Indonesia.  These  people  were  not  at  all 
familiar  with  the  ui  eration  of  the  weighing-bucket  gage  sent  to  them.  They 
had  only  our  written  Instructions,  which  were  not  always  understood  sufficiently 
well.  When  the  gage  malfunctioned,  it  was  always  slow  to  be  repaired. 
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At  least  in  th^  early  months  of  the  operations,  a  chart  was  put  on  the 
gage  only  when  rain  was  expected.  Thus,  much  of  the  time  with  no  rain- was  not 
documented,  and  almost  certainly,  rain  was  missed  due  to  the  gage  not  being 
ready.  The  total  operation  time  of  this  gage  is  much  less  than  the  real  time 
elapsed,  and  there  are  strong  suspicions  that  this  non-operation  time  is 
somewhat  biased  as  to  the  part  of  it  during  which  no  rain  fell. 

During  some  of  the  periods  of  equipment  failure ,  we  were  supplied  with 
copies  of  records  from  a  Hillman  gage  operated  nearby.  This  float-type  gage 
recorded  on  a  24-hour  chart,  suitable  for  calculating  rates  for  intervals  no 
shorter  then  four  minutes.  These  rates  are  combined  with  the  weighing-bucket 
gage  rates  in  the  table  of  4-minute  rate  frequencies  in  Table  6.  It  can  be 
seen  that  the  operation  times  are  much  less  than  they  should  be  (43200  minutes 
in  a  30  day  month,  or  44640  for  a  31  day  month).  Overall,  only  about  23 
percent  of  possible  time  was  operational,  even  with  the  addition  of  the  Hillman 
gage  data. 

Tlie  data  from  Bogor  are  valid  as  an  indication  that  certain  rates  did 
occur  there,  but  do  not  show  with  any  confidence  the  percent  of  time  that  these 
rates  occurred.  This  table.  Table  6,  should  be  used  with  extreme  caution,  if 
at  all,  in  any  further  analyses. 


Flags-aff,  Arizona 

A  small  network  of  recording  and  non-recording  raingages  was  operated 
during  the  summer  rain  months  of  1967  in  the  Fort  Valley  Experimental  Forest. 

This  location  is  at  an  elevation  of  about  2.2  km,  about  11  km  northwest  of 
Flagstaff,  Arizona.  The  San  Francisco  Peaks  nearby  are  responsible  for 
considerab.e  thunderstorm  activity  in  the  summer.  Unfortunately,  the  recording 
precipitation  gages  for  this  project  arrived  late  from  the  manufacturer,  and 
were  not  installed  until  July  20,  after  the  rainy  period  had  already  begun. 

Only  the  period  from  July  20  to  Augusr  21  was  recorded  by  the  recording  gages. 

The  weighing-bucket  gages  used  at  Flagstaff  were  of  the  newer  Fergusson 
pattern.  Model  5-780,  manufactured  by  the  Belfort  Instrument  Company.  Five  of 
these  gages,  which  are  identical  in  operation  to  the  previously  described 
weighing-buckets  gage,  were  installed  with  one  at  Fort  Valley  and  four  others 
each  3/4  mile  north,  east,  south,  and  west  of  Fort  Valley.  This  network  was 
near  35°  14'  north  latitude  and  111°  45'  west  longitude. 

Table  7  shows  the  frequencies  of  rates  for  this  1-month  sample  at  Fort 
Valley.  In  the  same  table  is  an  average  frequency  distribution  for  all  five 
gages  of  the  network.  There  are  only  very  slight  differences  between  these 
tables;  the  5-gage  average  may  be  worthy  of  greater  confidence,  since  it  contains 
five  times  as  much  data,  which  would  reduce  the  effects  'f  local  variability 
in  the  rainfall. 


Panama  Canal  Zone 


Weighing-bucket  gages  were  operated  during  the  summer  and  fall  of  1968 
at  Fort  Sherman,  Canal  Zone,  in  association  with  the  operation  of  a  raindrop 
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camera  as  a  part  of  a  series  of  tests  conducted  by  the  Frankford  Arsenal, 

U.  S.  Army.  The  first  location  was  at  the  Pina  artillery  range  from  June  24 
until  July  19.  This  location'  is  at  an  elevation  of  about  100  feet  near  the 
west  shore  of  Gatun  lake  at  9°  14*  north  latitude  and  79°  57*  west  longitude. 

A'  gage  was  operated  at  a  location  known  as  Battery  Mackenzie  from  July  26 
until  October  3.  This  location  is  very  near  the  Caribbean  Sea  at  9°  21*  north 
latitude  and  79°  59*  west  longitude.  From  November  1  to  November  21,  a  gage 
was  operated  in  a  jungle  clearing  near  the  Chagres  River  about  2.4  km  from 
the  Caribbean.  This  cleat-'ing  was  part  of  a  temporary  artillery  range  known 
to  the  personnel  involved  with  the  tests  there  as  the  Chagres  Range.  This 
gage  location  was  very  near  9°  19*  north  latitude  and  79°  59.5*  west  longitude. 
All  three  locations  are  quite  near  each  other  within  that  portion  of  the 
Canal  Zone  that  lies  between  Gatun  Lake  and  the  Caribbean  Sea  and  southwest 
of  Limon  Bay  and  the  Panama  Canal. 

The  periods  during  which  these  gages  were  in  operation  include  much  of 
the  rainy  half  of  the  year  in  that  region.  The  half-year  from  December  to 
June  is  quite  dry  on  the  Caribbean  side  of  the  Isthmutk  of  Panama.  The  averag(> 
total  rainfall  at  Colon,  Panama  (Nelson,  1968)  is  95.1  inches  for  June  through 
November  and  only  34.7  inches  for  December  through  Hay.  The  total  for  January 
through  April  is  only  10.5  inches. 

The  tables  of  frequencies  of  rainfall  rates  are  in  Table  8.  The  portion 
of  this  table  headed  "All  data"  is  the  average  of  the  data  from  the  three 
location-.  It  is  probably  the  best  estimate  of  frequencies  for  the  wet  half 
of  the  year.  Frequencies  for  the  dry  portion  of  the  year  would  be  much  smaller. 


Vietnam 


Microfilms  of  raingage  charts  from  three  locations  in  South  Vietnam  were 
provided  by  the  U.  S.  Air  Force.  It  appears  from  the  char-s  that  the  gages 
used  were  of  a  float-type  siphoning  gage.  The  chart's  rotation  was  once  per 
24  hours. 

The  record  available  from  Tan  Son  Nhut  Airport  near  Saigon  was  from 
January  1964  through  December  1964  with  no  apparent  missing  data.  The  record 
available  from  Danang  was  from  January  1963  through  February  1964;  however, 
six  days  were  missing  in  December,  1963.  Data  was  obtained  for  Pleiku  for 
all  of  1963  except  November  and  for  the  year  1965  except  that  January,  June, 
July,  Septerfiber,  and  November  are  missing.  For  November,  1963  the  raingage 
charts  were  missing;  however,  a  summary  sheet  was  available  which  showed  that 
the  total  rain  for  the  month  was  only  10.6  mm  and  the  total  rain  time  was 
only  2.9  hours,  or  0.4  percent  of  the  month. 

In  the  analysis  of  these  data  to  derive  the  frequencies  of  rates  in 
Tables  9,  10,  and  11,  the  rate  interval  was  restricted  to  four  minutes  because 
of  the  24-hour  period  of  rotation  of  the  charts.  The  data  was  digitized  on 
the  Auto-trol  from  prints  made  from  the  microfilm.  For  locations  where  more 
than  one  year  of  data  was  available  for  any  month,  both  years  were  used.  Such 
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cases  can  be  identified  in  the  tables  as  those  showing  more  than  the-  usual 
43200  or  44640  minutes  of  operation  time.  The  "annual"  column  is  actually 
a  calculation  for  all  the  data  available,  somewhat  more  than  one  year  for 
Pleiku  and  Danang.  In  the  annual  table  for  Pleiku,  November  has  been 
considered  as  having  no  rain,  but  a  complete  record.  Since  evidence  exists 
that  shows  this  month  to  have  rain  only  for  0.4  percent  of  the  time,  less 
error  is  made  in  the  annual  table  this  way  than  if  the  month  had  been 
considered  missing. 

All  the  three  gages  from  Vietnam  show  a  very  definite  seasonal  trend,  as 
would  be  expected  with  the  monsoons  of  that  region.  Both  Saigon  and  Pleiku  have 
a  dry  season  from  December  through  April,  while  Danang  is  dry  from  March  to 
July.  The  percentage  of  rain  occurrence  is  greatest  for  any  one  month  at  Pleiku, 
where  it  rained  at  rates  greater  than  0.0042  mm/min  for  17.2  percent  of  the 
time  in  September.  The  same  station  recorded  no  rain  in  January.  The  maximum 
rates  might  have  been  greater  if  1-minute  rates  could  have  been  measured.  It 
has  been  noticed  that  the  Saigon  annual  4-minute  frequency  distribution  is 
almost  identical  to  a  4-minute  frequency  from  the  Miami,  Florida  data.  The 
seasonal  variations  are  very  different,  however. 


Walnut  Gulch,  Arizona 

The  Walnut  Gulch  experimental  watershed  is  located  near  Tombstone,  in 
the  southeastern  corner  of  Arizona.  It  is  operated  by  the  Agricultural  Research 
Service  of  the  U.  S.  Department  of  Agriculture  (Kincaid,  et  al.,  1966).  This 
network  of  gages  is  in  a  semiarid  region  which  has  its  peak  rainfall  in  the 
summer.  The  climatological  I’ecords  from  Tucson,  about  60  miles  northwest  of 
the  network  (U.  S.  Weather  Bureau,  1969),  show  a  normal  annual  rainfall  of  11.00 
inches,  with  only  three  months,  July,  August,  and  September  having  more  than 
1.00  inch  per  month.  The  maximum  monthly  rainfall  is  2.88  inches  in  August, 
while  the  largest  number  of  days  with  rain  is  in  July,  with  11  days  normally 
having  0.01  inch  or  more. 

In  such  an  semiarid  region,  it  is  of  even  gi’eater  importance  than  at 
wetter  regions  to  have  a  long  record  of  rainfall  data.  Copies  of  charts  were 
obtained  for  the  four  yeai's  of  1960  through  1963.  Records  for  gages  2,  22,  41, 
and  61  were  obtained,  since  these  gages  were  operated  in  an  open-scale  way 
similar  to  the  other  weighing-bucket  gages  previously  described.  The  gages 
were  operated  from  sometime  in  June  to  October  or  November  of  each  year.  By 
choosing  for  each  month  the  gage  with  the  least  operational  difficulties,  it 
was  possible  to  put  together  a  complete  four-year  record  for  the  months  of 
July,  August,  and  September.  For  October,  two  years  were  complete,  but  two 
of  the  years  each  had  only  a  little  over  a  week  of  operation.  The  data  for 
June  and  November  were  inadequate  for  a  reasonably  reliable  analysis.  It  is 
believed  that  this  use  of  the  four  gages  interchangeably  is  justified,  since 
all  are  of  the  same  type  and  the  maximum  spacing  between  gages  was  less  than 
nine  miles. 

The  frequencies  of  1-minute  rainfall  rates  are  in  Table  12.  These  are 
all  4-year  averages.  The  maximum  frequency  of  rain  is  in  July,  but  this  maximum 
is  only  1.23  percent.  The  highest  rate,  above  3.16  mm/min,  occurs  in  August. 


This  is  in  agreement  with  the  long  term  climate  at  Tucson.  Apparently, 
the  relatively  high  total  rainfall  in  August  is  caused  by  a  greater  frequency 
of  high  rates,  rather  than  by  a  larger  total  rain  time. 

Since  the  Tucson  normals  show  that  all  the  months  not  tabulated  here 
have  less  than  one  inch  of  rain  and  not  more  than  four  days  of  measurable  rain, 
the  rain-rate  frequencies  for  these  months  should  not  be  much  in  excess  of 
those  shown  here  for  September. 

Florida  Thunderstorm  Project  Data 

A  network  of  55  weighing-bucket  gages  was  operated  near  Orlando,  Florida, 
during  the  summer  of  1946  as  a  part  of  the  Thunderstorm  Project  (Byers  and 
Braham,  1949).  The  network  was  approximately  rectangular,  with  the  long  axis 
lying  east-west  (see  Figure  1).  The  center  of  the  network  was  within  the  town 
of  St.  Cloud,  near  28°  15'  north  latitude  and  81°  15'  west  longitudt:.  The 
raingago  charts  from  these  gages  were  obtained  on  microfilm  from  the  National 
Weather  Records  Center  for  the  period  of  operations.  May  19,  1946  through 
September  20,  1946.  Since  the  gages  were  serviced  daily,  the  records  are  of 
generally  high  quality. 

Two  lines  of  gages  were  chosen  from  the  Florida  network  for  analysis.  A 
line  from  gage  2  to  gage  40,  oriented  roughly  from  the  northwest  to  the  southeast, 
contained  14  gages  and  had  a  length  of  13.35  miles.  A  shorter  north-south 
line  had  seven  gages  and  a  length  of  6.23  miles.  Also  analyzed  was  a  short 
line  consisting  of  the  six  middle  gages  of  the  NW-SE  line.  This  line  had  a 
length  of  5.94  miles,  making  it  comparable  in  length  to  the  N-S  line. 

For  each  of  these  three  lines,  2-minute  rates  were  used  to  derive 
"line-average"  rates.  Although  the  gages  were  of  the  same  type  from  which  we 
have  generally  calculated  1-minute  rates,  timing  inaccuracies  between  gages 
in  a  line  necessitate  the  use  of  a  longer  rate  period  for  line  averages.  In 
calculating  these  line  averages,  the  rate  at  any  gage  was  considered  to  remain 
constant  over  half  of  the  distance  to  the  adjacent  gages  on  either  side, 
except  that  for  the  end  gages,  the  length  assigned  extended  only  to  the  end 
gage.  When  a  gage  had  a  missing  record,  its  length  was  divided  between  its 
adjacent  gages.  When  two  or  more  adjacent  gages  were  missing,  the  rate  was 
discarded  and  the  operation  time  reduced  accordingly.  Since  rain  often 
occurs  over  only  a  portion  of  the  lines,  the  average  rates  are  significant  to 
lower  races  than  the  0.0042  mm/min  used  as  a  cut-off  value  for  most  of  the 
single  gage  analyses.  The  frequencies  for  the  short  north-south  line  (gages 
34  to  52)  are  in  Table  13.  Similarly,  Table  14  contains  the  frequencies  of 
average  rates  for  the  long  northwest-southeast  line  (gages  2  to  40)  and 
Table  15  the  short  northwest-southeast  lino  (gages  23  to  42).  Single  gage 
frequencies  have  been  calculated  for  gage  32  near  the  center  of  the  network. 
Frequencies  of  1-minute  rates  are  in  Table  16,  and  2-minute  frequencies  are 
in  Table  17. 

These  tables  show  that  similar  length  lines  have  similar  rate  frequencies, 
regardless  of  the  line's  direction.  This  is  likely  due  to  the  generally  air 
mass  type  of  showers  in  Florida  during  the  summer.  It  is  expected  that  in  more 


igure  1.  Florida  Thunderstorm  Project  raingage  network. 
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northern  areas,  where  many  lines  of  showers  occvir  parallel  to  a  front,  a 
line  of  gages  in  the  same  orientation  as  the  average  position  of  cold  fronts 
would  have  a  higher  occurrence  of  high  average  rates  than  would  a  line  of  gages 
perpendicular  to  the  mean  frontal  orientation. 

On  Figure  2  are  plotted  the  2-minute  rate  frequencies  for  the  single 
gage,  the  short  (5.94  mile)  portion  of  the  northwest -southeast  line,  and  the 
long  (13.35  miles)  line.  The  general  effects  of  the  length  of  the  lines  can 
be  seen.  The  very  high  rates  are  seen  to  occur  most  often  at  a  single  gage. 
Since  the  high  rates  are  likely  to  be  of  small  area,  linear  arrays  are  likely 
to  include  large  areas  of  low  or  zero  rain  rates ,  thus  reducing  the  line 
average.  At  low  rates,  the  fi'equency  of  occurrence  is  greater  for  the  lines. 
This  same  information  is  presented  in  another  form  in  Figure  3.  This  family 
of  curves  has  been  interpolated  from  the-  data  of  Figure  2.  It  is  more 
convenient  for  finding  the  percent  of  time  that  an  average  rate  is  exceeded 
for  any  length  of  line  up  to  13  mi3.es.  Of  course,  these  curves  only  app.ly 
strictly  to  central  Florida;  however,  similar  changes  with  line  length  can  be 
expected  in  other  locations. 


British  Network  Data 


Tabulated  2-minute  accumulations  of  rainfall  have  been  obtained  from  two 
netvrarks  in  England,  one  near  Cardington  and  the  other  near  Winchcombe.  The 
instrument  used  v:as  the  Dines  Tilting-Siphon  Rain  Recorder,  fitted  with  an 
open-scale  strip  chart  mechanism  in  place  of  the  standard  daily  drum.  This 
mechanism  was  e3.ectrically  driven  by  an  a-c  motor  at  Cardington  and  by  a  crystal 
controlled  battery  driven  motor  at  Winchcombe.  Both  of  these  motors  drive  the 
chart  at  the  speed  of  5  1/2  in/hr.  The  gage  is  fitted  with  an  11.31  in  diameter 
collector,  and  10  mm  of  chart  indication  is  produced  for  1  mm  of  rain. 

These  networks  were  operated  by  the  British  MeteoroJ.ogical  Office. 

Operation  of  these  gages  was  not  possible  during  most  of  the  winter  months. 

The  Cardington  data  are  from  the  years  1957  through  1962,  but  for  each  year 
the  starting  and  ending  dates  are  variable,  so  that  there  is  generally  six 
years  of  data  for  the  mid-summer  months,  but  .less  for  the  months  in  early 
spring  or  in  the  fall.  Similar  shortages  occur  in  the  data  from  near  Winchcombe, 
taken  in  the  years  1962  through  1967. 

Both  of  these  data  sets  are  also  limited  by  the  fact  that  data  were 
included  only  when  some  gage  within  the  network  measured  at  least  0.5  mm  in  a 
2-minute  interval.  Because  of  this  problem,  the  data  in  Tables  18  through  23 
have  been  presented  as  percentages  of  rain  time  rather  than  the  usual  percentage 
of  total  time,  where  the  rain  time  is  defined  to  be  the  time  that  any  gage  in 
the  line  had  0.5  mm  or  more  rain  in  2  minutes.  Since  the  data  tabulations,  as 
received,  were  quantized  to  the  nearest  0.01  mm  per  2-minute  interval,  the  rates 
in  mrn/min  are  quantized  to  the  nearest  0.005  mm.  This  results  in  some  empty  class 
intervals  at  the  low  rate  end  of  the  cumulative  frequency  distributions  for 
single  gages. 


THRESHOLD  RAINFALL  RATE,  jna/iRin 


-13- 


PERCENT  OF  TIME  THAT  RAINFALL  RATE  EXCEEDS  THRESHOLD 

Figure  2.  Cumulative  frequency  distributions  of  rainfall  rates  for  a 
single  gage,  a  5.94  mile  line  (line  23-42),  and  a  13.95 
mile  line  (line  2-40)  of  the  Florida  Thunderstorm 
Project  network. 


LINE  23-42 


line  length,  mnes  ^  a 

„  ^_tes  are  exceeded  as 


«&  ..J  A*"'  -<*» ' 
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The  lines  of  gages  used  are  shown  in  Figure  4  for  the  Caraington  network 
and  in  Figure  5  for  the  Winchcombe  network.  The  Cardington  lines  both  use  five 
gages.  The  northeast-southwest  line,  line  I,  is  5.27  km  in  length  and  the 
northwest-southeast  line,  lino  II,  is  3.87  km.  At  Winchcombe,  the  ncai-ly 
north-south  6-gage  line,  line  I,  is  3.98  km  long,  and  the  northeast-southwest 
line  of  S  gages,  line  II,  is  6.36  km. 

The  line  averages  were  calculated  as  described  above  for  "he  Florida 
data.  T;ie  line  frequencies  for  the  Cardington  lines  are  in  Tables  18  and  19. 

A  single  gage  frequency  for  gage  C2  hear  the  intersection  of  the  lines  is  in 
Table  20,  For  Winchcombe,  line  frequencies  are  in  Tables  21  and  22,  and  a 
single  gage  frequency  for  gage  10  is  in  Table  23.  The  operation  times  indicated 
on  these  tables  are  times  with  non-zero  rates.  Since  the  frequencies  are  in 
percent  of  operation  time  with  non-zero  rates,  all  the  tables  show  100  percent 
at  the  lowest  rate  tabulated. 

The  general  features  of  these  line  data  for  months  where  there  are 
sufficient  data  are  similar  to  those  described  for  the  Florida  data. 


SUMMARY  AND  CONCLUSIONS 


The  principle  result  of  this  research  is  the  set  of  tables  of 
instantaneous  (or  at  least  very  short-period)  precipitation  rate  frequencies 
presented  in  the  Appendix.  Although  most  of  the  tables  represent  only  a 
year  or  less  of  data,  this  is  a  more  extensive  collection  of  such  data  than 
has  been  known  to  this  time.  Some  of  the  tables,  particularly  those  with 
the  shorter  operational  times,  should  be  used  with  caution.  Nevertheless, 
these  tables  shou3  1  be  useful  in  estimating  the  probabilities  of  encountering 
various  precipitation  rates  in  a  variety  of  climatic  regions. 

Further  analy.'.us  of  these  data  are  being  made  by  personnel  of  the  Air 
Force  Cambridge  Research  Laboratories.  A  preliminary  report  (Lenhard,  Cole, 
and  Sissenwine,  1971)  described  models  that  relate  precipitation  rate 
frequencies  to  commonly  available  climatological  parameters. 

Research  is  continuing  in  this  area  under  AFCRL  Contract  No.  F19628-71-C-0052 . 
Some  excellent  records  I'.ave  been  located  in  France  and  England,  and  records 
suitable  for  calculation  of  4-minute  rates  are  available  from  Israel  and  Germany. 
Three  years  of  recoid  hive  now  been  collected  at  Urbana,  Illinois,  on  an 
open-scale  weighing-bucKet  gage.  These  data,  and  others,  will  be  analyzed  and 
presented  in  the  report'  of  Contract  C-0052. 


Figure  4.  Cardington,  England  raingage  network 


Figure  5.  Winchcombe,  England  raingage  network 
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Table  1. 


Frequencies  of  1-Minute  Precipitation  Rates  Measured  at  Miami , 
Florida  from  August  1957  to  August  1958 


TURFSHOLO  PFHCFNT  of  fIMF  IMAT  RATE  OREAIFR  IHAH  THHFSHOLO 


RATE 

<MK/MIN) 

ANNIML 

JAN 

668 

MAR 

APR 

MAY 

JUN 

7*04F*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

o.ooc+oo 

0.006*00 

6.31E*00 

0.0OF*00 

0,00E+00 

0.006*00 

0.006*00 

O.0OE*00 

0.006*00 

0.006*00 

5.niF*00 

O.OOE+00 

0.006*00 

0.O0E*00 

0.006*00 

0.0.36*00 

0.006.  *00 

0.006*00 

3.986*00 

1 .986-06 

O.00P4OO 

0.006*00 

2.296-03 

0.006*00 

0.006*00 

0.006*00 

3.166*00 

1.196-03 

0.006+00 

O.OOE^OO 

6.886-03 

0.00b*00 

0.006*00 

2.876-03 

2.516*00 

3.17F-03 

0.006*00 

0.006*00 

1.606-02 

0.006*00 

3.086-03 

1.156-02 

2.006*00 

1.056-02 

0.006*00 

O.OOE*0O 

2.526-02 

o.oop*oo 

1 .856-02 

3.666-02 

1.586*00 

2. 126-02 

0*00p+00 

0.006*00 

3.666-02 

2,316-03 

6.526-02 

5.656-02 

1.266*00 

3.536-02 

0.006*00 

O.OOE+OO 

5.066-02 

4.6'AI -03 

8.316-02 

8.036-02 

1.00F*00 

5.736-02 

0.006*00 

0.008*00 

5.731-02 

A. 04 6 -03 

1.606-01 

1.156-01 

, .066-01 

9.306-02 

0.006*00 

0.006*00 

6.6*>E-0? 

9.266-03 

2.586-01 

1 .536-01 

.316-01 

1 .196-01 

0.006*00 

0.008*00 

6.886-02 

1.526-02 

3.516-01 

1.986-01 

5.016-01 

1. 566-01 

6.976-03 

6. 966-03 

8.026-02 

1 .626-02 

6.776-01 

2.556-01 

3.O8F-01 

1.966-01 

2.266-02 

9.926-03 

8.«)AC'-0? 

2.556-02 

5.916-01 

.3.106-01 

3.166-01 

2.386-01 

3.986-02 

1.696-02 

1.036-01 

2.556-02 

7.20E-01 

3.706-01 

2.516-01 

2.836-01 

7.216-02 

2.736-02 

1.156-01 

3.016-02 

8.526-01 

6.196-01 

2.006-01 

3.396-01 

1 .026-01 

6.966-02 

1.726-01 

3. ;06-02 

1 .096*00 

6.556-01 

1. 586-01 

6.256-01 

2. 166-01 

1.026-01 

?.o'^f-01 

6.176-02 

1 .316*00 

5.656-01 

1.266-01 

5.206-01 

5.996-01 

1.176-01 

A,OBE-OI 

5.326-02 

1 .586*00 

5.1/6-01 

1.006-01 

6.666-01 

8.636-01 

1.696-01 

6.196-01 

5.566-02 

2.056*00 

5.586-01 

7.966-02 

8.056-01 

1.086*00 

1.716-01 

7.706-01 

1.186-01 

2.696*00 

7.376-01 

6.316-02 

9.766-01 

1.866-01 

0,446-01 

l.*.4f-0l 

2.826*00 

8.236-01 

5.016-02 

S • 1 AE  *00 

2. /OF *00 

1.916-01 

1.06C-  +  00 

1  .o;p-oi 

3.^6r*00 

8.896-01 

3.986-02 

1  .366*00 

2.786X10 

1.376 *00 

2.366-01 

3.521  *00 

> .036*00 

3,166-02 

1.536*00 

3.626*00 

3.609-01 

1.676*00 

2.696-01 

4,o4i-*on 

1.116*00 

2.516-02 

1.716*00 

4.0?^  *00 

6.89f-01 

1  .^'fip^oo 

2./8F-01 

6.251  *00 

1.2? 6 *00 

2.00F-02 

1.906*00 

6.806.00 

5.856-01 

2.206*00 

3.356-01 

4,4Sf *00 

1  .316*00 

1.58F-02 

2.056*00 

5.536*00 

5.9<.r-01 

2.326*00 

3.566-01 

4*!>AF  *00 

1.656*00 

I.26F-02 

2.166*00 

6.036*00 

6.2/6-01 

2.666*00 

3.566-01 

6.706*00 

1  .506*00 

l.(IOf-02 

2.276*00 

6,366*00 

6.276-01 

2.666*00 

3.806-01 

6.826*00 

1.586*00 

7.966-03 

2.396*00 

6.766*00 

6.276-01 

2  .  796  *  00 

6.076-01 

4.';4P*00 

1 .566*00 

6.316-03 

2.6  56*00 

6,856*00 

6.306-01 

*00 

6. 076-01 

5.006*00 

1.596*00 

5.016-03 

2.506*00 

7 .OAF *00 

6.306-01 

2.976*00 

6.071  -01 

5.176  *00 

1  .596*00 

6.206-03 

2,576*00 

7.166*00 

6.306-01 

3.036*00 

6.251:-01 

5.236*00 

1.716*00 

nPPBATION 

506372 

60225 

A0??0 

4‘^A‘Hl 

4  3?00 

3?40B 

IIFE  (HlOl 


iHRrsiint.0 


PFRCrOT  OF  tIHF  THAT  RAIF  I<;  r.RFAfFR  IllAW  TllRr^HOLn 


RAIF 

JUL 

Aur, 

SFP 

ncr 

NOV 

06C 

' 

— • 

7.966*00 

0.006*00 

O.nnp*on 

O.0OP*00 

O.OOF*00 

o,onF*oo 

0.006*00 

5.316*00 

0.001,  *00 

0,(}QF>00 

0,0OF*00 

o,oop*no 

o.oor*oo 

0.006*00 

5.016*00 

0.006*00 

o,no».'*nn 

0,u0i-*00 

0,00f *00 

O.OOF  *00 

0.6,06  *00 

3.986*00 

0.006*00 

o.rop»oo 

0,Oi»F*00 

0*001  *00 

o,oni‘»i)o 

0,006*00 

3.156*00 

0.006*00 

o,onp*i)o 

FsOOFfOO 

2*?4f-i*i 

0,001- *00 

2.26E-03 

2.516*00 

0.006*00 

o.onpM^o 

A,  /2F-03 

n.oor^on 

2.261  -03 

2.006*00 

1.236-02 

0* OOF *00 

2.4AF-02 

0,iM»F*00 

?.26i:-n3 

1.586*00 

2.156-02 

US7I-0; 

?,3li  -03 

‘..lAl-0? 

2.3U-01 

5.7?r-  nj 

1.256*00 

6.32C-0? 

A«0lF-0? 

6.04e-03 

a.  /Ab-o? 

2.111-03 

1  .|.n  -02 

1.006*00 

5.79I-02 

U07h*-0l 

•),?AF-03 

U?i*>l  -01 

o.2Ar-03 

l.J6f:-i32 

7.966-01 

l.?0(  -01 

l.HAE-0^ 

2*A?F-0l 

U3«F-02 

1 .  /9I  -0? 

5. 316-01 

1 .506-01 

A,l7r-0? 

3*l4f-01 

2.7hf-n2 

2.916-02 

5.016-01 

2.106-01 

A.*»4F-02 

3.A7I  -01 

3, /0| -02 

6.  /nr-0? 

3.986-01 

2.6  76-01 

•'.RM  -01 

1  .TM  -rt  'i 

4.', /I  .01 

A.‘.A»  -02 

/.  19>  -02 

3.l5f-01 

2.876-01 

4,AU‘-0l 

1, AM-01 

4,?4f-01 

♦  .2AI  -02 

1  ..151.-01 

2.516-01 

3.696-01 

UP /I  -01 

S  ,  /  »f  -« 1 

1 .2*31  -01 

1  .5  /6-0I 

2.001-01 

3.806-01 

?.  I  *?  -01 

A,  2*^1  -01 

1 . /6F-ai 

2.  131-01 

1.586-01 

6.756-01 

/•R4r-01 

2.711 -01 

A,V>  •'! 

2. ,166-01 

1.256-01 

5.336-01 

3.0»f-01 

A.0«iF-01 

3.1  OP  -ri 

1,6  .6-01 

1 .006-01 

8.896-01 

O.RAH-01 

U84r-01 

7*A2F-0| 

3. /VI  -Ol 

166-01 

/. 966-02 

1.206*00 

1.  lU+rto 

4,  ;*•!  -01 

a.HAl  -01 

4.24F -01 

‘  .516-01 

5.316-02 

1 .6  7F*no 

-)1 

1 ,0*.*  *00 

S, 074-01 

U  -  >1 

5.016-02 

1.786*00 

7.0A»  -01 

U2Ar*no 

A.nof -01 

7.681-01 

3.986-0? 

1 .006*00 

t .RAF  »no 

2.IM  -01 

U4nF*00 

A, 021 -01 

8.  1.1  -01 

3.156-0? 

2.106*00 

1 .  /7‘’*on 

0,441  -01 

U*'A|  *.‘0 

n.i  /» -oi 

9.6*  t-m 

2.516-0? 

2.39t,no 

l,o'>r.0A 

U0»‘«  *00 

1 .A3*  *00 

M,0/m  -Ol 

.O'.t  .00 

2.006-02 

2.<i<>6  *00 

1  *00 

U2l*’*l:0 

1  •  7A»  *  ro 

O.AM  01 

1  ,  llO  *00 

1  .586-0? 

2.851  *00 

*00 

U3*  *00 

URM 

1  .OAP-  *00 

1  .  '*■■  *00 

1.256-0? 

2.956*00 

u*.fi  *co 

1  ♦  »V>I  ♦  uO 

1  .1  *00 

1.3/1  •on 

1 .006-02 

2.9<i(  .00 

S'*  71’ *<‘0 

U4f  •  *00 

*O0 

U  1  •  •  *‘0 

1  ..566  *00 

7.966-03 

l,|6|  .00 

,*,All  *00 

1 »  *00 

2.'i/F  *(’0 

1  ,2*  UMI 

1 .  /■■,  *00 

5.316-03 

3.211 ‘On 

/Of  *00 

U»>OI  *00 

2.0mF  *00 

1 .  s  1 1  *  on 

1 , 1  >1  ion 

5.016-03 

'.2'*6  *no 

?,  7A'  *00 

U*i*»  *00 

2.141  *00 

1  .  \  >l  *  *'0 

1  .9/,  *00 

6.206-03 

3.2  /I  *00 

?, /af  *00 

UA'I  *00 

2.241  *4*0 

U  U*l  •  ( 0 

2.15‘  .00 

(1"*WAI  109 
1196  (Him 

326,15 

a!  *.4  3 

•.*»  'no 

4aAaO 

t*  0 

6,. (.60 

Preceding  page  Wank 
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Table  2. 


Frequencies  of  1-Minute  Precipitation  Rates  Measured  at  Majuro 
Atoll  from  April  1959  to  April  1960 


IIIPf.SHOLO 

PF.8f.6NI 

06  rrM6  THAT 

R4I6  19  r.RFATlR  IHAII  1 

r H6 6 9 HdLO 

RATI; 

O'H/HINI 

AIIMIAI. 

JAN 

668 

HAR 

A  68 

MAY 

JUN 

T.RAFfOO 

0.006*00 

0.006*  10 

0,006*00 

.1,006*00 

0.006*00 

0.006  *00 

0.006*00 

6.3irt00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

o.oot-. 00 

0.006*00 

0.006*00 

5.016*00 

0.006*00 

0.006*00 

0,006*00 

0.006*00 

0.004*00 

0.006*00 

0.006*00 

3.986*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0,001 .00 

0.006*00 

0.006*00 

3.166*00 

6.596-04 

0.006*00 

0.006*00 

o.oot  *00 

0.006*00 

0.006*90 

0.006*00 

?. 516*00 

1 .066-03 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

2.006.00 

3.566-03 

2.246-03 

0.006*00 

2.246-03 

3,186  -03 

0.006*00 

4.586-03 

1 .586*00 

1 .346-02 

2.241-03 

O.OOf.OO 

2.246-02 

1.916-02 

4,406-03 

9.356-03 

1.266*00 

3.276-02 

4.41,6-03 

0.  oof  *00 

5.386-02 

S. 096-02 

2,426-02 

2.816-02 

1 .006.00 

6.536-02 

1. 121-02 

2.396-03 

7.846-0? 

1 .086-01 

4.856-0? 

4.216-02 

7.066-01 

1.216-01 

3.586-02 

2.396-0? 

1.346-01 

1  .836-01 

7.936-02 

1  .176-01 

6.316-01 

1  .886-01 

1.016-01 

3.116-02 

1.996  -01 

3.146-01 

9,916-02 

1 .996-01 

5.016-01 

2.516-01 

1.436-01 

5.796-02 

2.606-01 

4.206-01 

1 .286-0! 

2.996-01 

3.086-01 

3.536-01 

2.246-01 

1.326-01 

3.526-01 

5.816-01 

1  .596-01 

3.586-01 

3.166-01 

4.806-01 

3.946-01 

1.826-01 

4.036-01 

7.726-01 

2.116-01 

4.516-01 

2.516-01 

6.116-01 

5. 116-01 

2.116-01 

6.356-01 

1.026*00 

2.506-01 

9.876-01 

2.006-01 

7.736-01 

7.536-01 

2.806-01 

7. 736-0 1 

1.296*00 

3.336-01 

7.136-01 

1.586-01 

9.866-01 

9.586-01 

3.596-01 

1.016*00 

1.746*00 

1.956-01 

8.546-01 

1  .266-01 

1.216*00. 

1.206*00 

4. 916-01 

1.266*00 

2. 226*00 

4.746-01 

9.826-01 

1.006-01 

1  .496*00 

1.516*00 

5.8/6-01 

1.456*00 

2.816*01) 

5.846-01 

1.206*00 

7.066-02 

1.816*00 

1. 776*00 

7.286-01 

1.896*00 

3.456*00 

7.07t-01 

1 .466*00 

6.316-02 

2 .156*00 

2.026*00 

8.726-01 

2.076*00 

4.156*00 

8.591-05 

1 .716*00 

5.016-02 

2.586*00 

2.396*00 

1.01.6*00 

2.356*00 

4.976*00 

9.986-01 

2.046*00 

3.086-02 

2  .986*00 

2.726*00 

1.196*00 

2.526*00 

5.586*00 

1.146*00 

2.426*00 

3.156-02 

3.376*00 

3.016*00 

1.346*00 

2.n>6*0(» 

5.286*00 

1 .396*00 

2.716*00 

2.516-02 

3.786*00 

3.276*00 

1.506*00 

3.2  36  *  00 

7,. 926*00 

1  .556*00 

3.086*00 

2.006-02 

4.096*00 

3.506*00 

1.706*00 

3.546*00 

7.416*00 

1  .526*00 

3.396*00 

1  .586-02 

4.416*00 

3.786*00 

1.856*00 

3.731  *00 

7.976*00 

1 .816*00 

3.556*00 

1.266-02 

4.726*00 

4.126*00 

1.926*00 

4.146*00 

8.536*00 

1 .986*00 

3.906*00 

1  .006-02 

4.976*00 

4.316*00 

2.016*00 

4.331*00 

8.946*00 

2.076*00 

3.956*00 

7.056-03 

5.186*00 

4.926*00 

2.076*00 

4.456*00 

9.246*00 

2.146*00 

4.?l’6*00 

5.316-03 

5.316*00 

4.536*00 

2.l5f*00 

4,546*00 

9.4  76*00 

?.2i6*00 

4.336*00 

5.016-03 

5.446*00 

4.746*00 

2.186*00 

4.72C*00 

9,756*00 

2.231.  *00 

4.4  16*00 

4.206-03 

5.536*00 

4.786*00 

2.216*00 

4,836*00 

9,856*00 

2,246*00 

4.496*00 

00604  r  mil 

452227 

44540 

4 1 750 

44540 

52819 

49409 

42  //.n 

TIM6  (MINI 

THRFSHOLO 

pFR6,67(T 

OF  riMF  that 

PATF  ARFATFR  THPF.'.MOLD 

8516 

19M/HINI 

JIIL 

AUG 

S6P 

(*CT 

NOV 

oi:c 

■ ' 

' 

7.946 *00 

o.pnr*oo 

0. Gnc  *00 

n,ooF*oo 

ft.ooriro 

O.OOF^OO 

0,006*50 

6.316*00 

0,006,00 

o,ooF*no 

0,0ftF*0ft 

O.OOF^OO 

O.OOH^OO 

0.006*00 

5.016*00 

0.006  >00 

n,ooF>oo 

o,oftr*oo 

0,OOF*OO 

O.OOF^OO 

n.o.'.e  *00 

3.981  .on 

0,006*00 

0*0fiF*00 

ft.ooriftft 

ft«00t»00 

o*noi^oft 

0.006*00 

3. 156*00 

0,0716  •  no 

o,noF*oo 

ft.ftilFfllO 

?*  rAr-03 

2.24I;-03 

2.916*00 

0.006*00 

S*34r-03 

0*001 *00 

;>*76F-03 

4.486-03 

2.npr*oo 

0.006*00 

A.7?r-03 

f.~0? 

0. OOF *00 

;>.7ftF-03 

4.486-03 

1 .986*00 

o.oot  *00 

I.  V.F-C7 

ft*00F»0O 

KArtF-O? 

1  .576-02 

1.256*00 

8.7.36-03 

4*l5r-02 

3.146-02 

1  .0116*00 

3.. 8  86 -02 

!.0‘F-0l 

5.B2F-02 

7.946-01 

1.156-01 

4,7ftG-0l 

1*771-01 

1 .6^F-ni 

1 .016-01 

7.. 316-01 

1  .906-01 

0,  MF-0? 

6f0<>»  -01 

?*ftM -01 

2.ft’f-ftl 

1. 506-01 

5.016-01 

2.8.)6-01 

7,3;f-oi 

3.7«»-lM 

2. 336; -01 

3.9116-01 

3.526-01 

s.ooi  -n 

3. ',16-01 

3.11.1-01 

5. .’26-01 

i 

1,  llF*ftft 

7.02F-01 

4.931-01 

2.916-01 

5.34f-01 

I 

H.  /H  -Ol 

<..(i‘.(:-ni 

2.001-01 

8.076-01 

1  ,*2‘.r*oo 

UOftf^ftft 

I.I^FmO 

8.766.-01 

1  .586-7)1 

1 .096*00 

3*3*>r-oi 

1  *00 

l*3?|  4  01) 

i.i'.p.nn 

1 .256-01 

1.296*00 

♦<•0 

l.SOF^OO 

1 .ftOF^ro 

1 .416*00 

1 .007-01 

1  .4  5t*00 

1. nil  *00 

2.0|f 400 

1 .746  *00 

7.946-02 

1.786*00 

/or»ort 

?.inr^ftft 

?.‘>PP  »Oft 

2,286  *00 

5.316-02 

2.156*00 

H.36r-01 

3,ft?ftftft 

^.3  /F*no 

3.ft'0  Mlft 

2.77,1*00 

5.016-02 

2.87,6*00 

I.OPIWOO 

>.;0| ♦Oft 

?.71F*00 

3.446*00 

3.9H|-.i;> 

3.456*00 

UAor^oo 

3,»*or»oft 

M  <00 

A. OFF  4  00 

4.226*00 

3.17-1  -02 

3.916*00 

1 

A, |?f ♦Oft 

3,  iBf  iOn 

A*A  O  mm) 

4.916*00 

2.516-02 

4,5<)r*nn 

?,o'.r*no 

/••ft&Ffftft 

i*s/r»ftn 

A  M'ft 

5.9nt*00 

2.006-02 

'..947  *  00 

?.3or»on 

*00 

^ /*IF*00 

if  400 

5,0  71  *00 

1  .586-02 

5.  176*00 

s,3nF*ftft 

/i.  3ftr*oo 

4  00 

5.‘)«6  *00 

1 .27,6-02 

5.736*0(1 

♦Oft 

S.7II  ♦<)() 

A*FAk ♦00 

'5.7>‘‘  ♦ro 

7.016*00 

1 .906-07 

5.47.6(00 

M»ft 

♦Oft 

;i  ifto 

A.IM  *00 

7  .'.‘.1  *00 

7.0-.I  -01 

6.806.00 

X.OAFiOft 

*00 

S*  iMfiftfl 

»v  0 

7.5/6*00 

6. 117-01 

5.9  16. on 

*Oft 

*00 

•i.  .1*  *00 

/..A6«  M'7 

7  .'(."r  *00 

5.7(17-01 

7.016*00 

i*/ir  *00 

/..O')!  H'ft 

OF  *00 

A.M  M>0 

(I.O/,-  *00 

4.201-0  1 

7.126*00 

*110 

}0f  ♦Oft 

«oO 

7*n‘*i  »i‘o 

5.1 11  )on 

OPPeiT  17171 
7187  <711771 

.Mini 

/./.A./.ft 

Irt733 

..'.540 
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Table  3.  Frequencies  of  1-Minute  Precipitation  Rates  Measured  at  Woody 
Island,  Alaska  from  October  1959  to  August  1962 


IURF.SHOLO 

PERCENT 

06  TIME  THAT 

RATE  IS 

GREATER  THAr;  threshold 

RATE 

(HM/MIN) 

ANNUAL 

JAN 

66(1 

MAR 

APR 

dA! 

JUN 

7.<)A6*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

6.31E*00 

0.006*00 

0.006*00 

0.006*00 

0,006*00 

0.006*00 

0.006*00 

5. 016+00 

0.006*00 

0.006*00 

0.006*00 

c 

0.006*00 

0.006*00 

0,006*00 

3.<)«K  +  00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0,006*00 

3.166*00 

0.006*00 

0.006*00 

0.006*00 

g 

o.oo(*oo 

0.006*00 

0.006*00 

2.51F+00 

0.006*00 

0.006*00 

0.006*00 

o 

0.004*00 

0.006*00 

■3.006*00 

?. 006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

1  .5hF*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

1 .?6F*00 

0.006*00 

0.006*00 

0.006*00 

■V 

0.006*00 

0.006*00 

0.006*00 

1 .OOF *00 

0.006*00 

0.006*00 

0.006,*  00 

0.006*00 

0.006*00 

0.006*00 

T.OAE-Ol 

0.006*00 

0,006*00 

0.006*00 

a 

0.006*00 

0.006*00 

0.006*00 

6.316-01 

0.006*00 

0.1)01*  00 

0.006*00 

& 

0.006*00 

0.006*00 

0.006*00 

5.016-01 

2.5R6-04 

0.006*00 

0.006*00 

M 

0.006*00 

0.006*00 

0.006*00 

3.0RF-01 

2.5R6-06 

0.006*00 

0,006*00 

0.006*00 

0.006*00 

0.006*00 

3.16F-01 

2.5n6-06 

0.006*00 

0.006*00 

♦A 

0.006*00 

0.006*00 

0.006*00 

Z. 516-01 

7.756-06 

0.006*00 

0.006*00 

•2 

0.006*00 

2.246-03 

2.336-03 

?. 006-01 

1.206-03 

0.006*00 

0.006*00 

0.006*00 

4.486-03 

2.336-03 

1 .506-01 

7. 606-03 

2.696-02 

0.006*00 

V 

0.006*00 

1 .796-02 

4.6  76-03 

l.?6F-01 

1.326-02 

4,036-02 

2.406-03 

A. 956-03 

2.026-02 

7.006-03 

1  .OOF-01 

5.126-02 

6. 956-02 

4.796-03 

1.391-02 

3.36P-02 

7.476-02 

7.066-02 

1.206-01 

9, 411-02 

1.206-02 

3 

1 .h2t-02 

5.156-02 

1  .616-01 

6.31F-02 

3.106-01 

1.736-01 

3.596-02 

• 

B 

7.166-02 

1  .OK  -01 

4.816-01 

5.016-02 

7.366-01 

3.94r.-01 

3.316-01 

1.746-01 

1 .046-01 

8.226-01 

3.OHF-02 

1 .366*00 

7.2116-01 

9.756-01 

0  ^ 
/» 

A. 496 -01 

2.3/L-Ol 

1.916*00 

1.166-02 

^.3‘)6*00 

1 . VHf  *00 

2.016*00 

C7  B 

1 .42r*00 

5.3H('-01 

3.616*00 

2.51F-02 

I.ROImOO 

3. 7ir«oo 

3,951  *00 

ft. 

Q 

.  »» 

2.476*00 

ft,54l--01 

5,386  *00 

2.00F-02 

6.026*00 

6.006*00 

6.006*00 

3.9  56*00 

I .056*00 

7.336*00 

1.5ftF-02 

6.  (O6*(.0 

7.9/6*00 

n.l5(  *00 

5, 15** 00 

2.5  II' *00 

9.196*00 

1.266-02 

7.716*00 

9.606*00 

9,796*00 

0 

7..  59.- *00 

4.251  *00 

1.176*01 

1  .006-02 

6,006*00 

1 .076*01 

1.136*01 

7, 596*00 

5,406*00 

1.346*01 

7.066-03 

9, 0X6 *00 

1.146*01 

1.256*01 

8.29*  *00 

7.  ,036*00 

1  .4i>6*01 

6.316-03 

1 .006*01 

1.216*01 

1.336*01 

9.30t*C0 

7,95*  *00 

1.646*01 

5.016-03 

1.166*01 

1.256*01 

1.426*01 

1  .0/1*01 

(1,951*00 

1 .726*01 

6.206-03 

1.216*01 

1.301;. 01 

1.446*01 

1.136*01 

9.50E  *00 

1.766*01 

noFRATION 
tlHF  (MINI 

386065 

44629 

41731 

0  431  72 

44038 

42841 

TMRFSUOLO 

PFRCENf  06 

7 1  ME 

>HA7 

RAFF  1$  GRf-ATlX  THAN  THKFSHOLO 

RAT6 

(MH/MINl 

JIIL 

ADO 

iif 

OCT 

NOV 

ntc 

7,946*00 

o,onF*oo 

o,oop*oo 

o.ooF*on 

o,oor40o 

0,006*00 

6.316*00 

0#OOF»00 

0.00f:*00 

o.ooi:*oo 

o,ooF4no 

0.006*00 

5.016*00 

0*OOF*00 

0. non *00 

o,noF*on 

0,001-400 

0.006*00 

3.986*00 

O.OOF^OO 

O.O0F*0O 

o.ooF*on 

O.ool *00 

0.006*00 

3.166*00 

o*oor»oo 

0. OOP *00 

0.00f*l)0 

o,on»  *00 

0.006  *00 

2.516*00 

o«oof  «on 

O.OOf *00 

0.00»'*00 

0.00*-*00 

0,00l*00 

2.006*00 

o,onF400 

0. OOF  400 

O.OOFfOO 

o.oor*oo 

0.006*00 

1  ,586*00 

O.OOF*00 

0.00F40O 

o,oor*oo 

o,ooc*oo 

0.006*00 

1 .266*00 

0.OOF400 

0.00F400 

o,ooe40o 

o.oor  *00 

0.006*00 

1 .006*00 

0.OOF400 

o.onr *00 

o.oot*oo 

O.OOF* 00 

0.006*00 

7.946-01 

o.noF400 

o.noF*oo 

o.oor*oo 

0.001  ‘00 

o.onr  *00 

6.316-01 

0.0004 00 

o.oor*oo 

o.oor40o 

n.oor*oo 

0.006*00 

5.016-01 

o.oor^oo 

0,001;  *00 

■aS 

o.onF*oo 

-0  1 

o.ooo'iin 

3.986-01 

o.oor40o 

o.f)or*oo 

t: 

b 

o.oor*oo 

-03 

0.001  *00 

3.17.6-01 

o.oor400 

0.00F*00 

0.00F*00 

?.3?f-0  3 

o.noi'  *00 

2.516-01 

o.onr  400 

0.001 *00 

11 

0,OOF400 

7.37F-03 

o.oni  *00 

2.006-01 

O.OOF»00 

O.OOF *00 

.c 

0,OOF400 

4.441-03 

n.ool,  *00 

1  .586-01 

?.  M»r-03 

o,oor*oo 

t. 

S.f»0f-03 

1.141-0? 

0.001  *00 

1 .266-01 

4, 6  H* -0,1 

o.onr *00 

0 

'»• 

i,i7r-o? 

3,0U  -0? 

0.006*00 

1.006-01 

-03 

A./RF-O^ 

V 

7.?Mr-o? 

?,l 

4.9  86-03 

7.946-02 

-0? 

A 

4.7  **^-01 

7.406-02 

0,316-02 

I.O^tF-OI 

7,A3r-OI 

4,74r-01 

1  .??r*c>n 

3.276-01 

5.016-0? 

?.n4F*»>0 

9,4ic-ni 

3.986-0? 

3.‘-or-oi 

K4  7r*00 

?.0*»F*00 

4.0  7t  *00 

1  .526*00 

3.106-02 

?.^7^*oo 

4.  Ml  *00 

4. 04*  *00 

2. 316*00 

2.516-02 

l .3SF  *00 

4.3  U* *00 

/.orr»no 

H .  n  r  *  00 

3.')9r*(>o 

2.006-02 

*00 

S.*i4P»00 

V 

1.03r*iM 

1  .O'*  *01 

3.901  *00 

1.5R!-0? 

^,1 U  *00 

4,4 •,!  *00 

0 

401 

l.?7*  *01 

4.7)5|  *00 

1  .201  -02 

4,|>U  *00 

7,//i  *00 

1.401401 

1  .441  *01 

5,40>  *00 

1 .006-02 

‘».su  »00 

'>.?3F*00 

l.‘./lh401 

1.4?  *01 

O.II'I  *('0 

7.946-03 

i,.l  /F*00 

•>,»  .r*no 

I.7OF401 

1.  7  7f  »!M 

(..02'  *90 

0.316-03 

*00 

UOiU  *01 

l•l<fl^40l 

1  .H/*  *01 

7  .O’.*  •  I'O 

5.016-03 

7.  *00 

1,  l'*i  *01 

l.07F*0» 

\  .0  t)  *1)1 

7.  (01  *00 

4.206-03 

a.0‘0  *00 

l.rsi  *01 

l.OOl  *01 

1  .‘*M«  ♦Ol 

7.421  *  '0 

nPFRAriON 

4  \jO»> 

0 

1  7«40 

4^144 

44 

ir«r  (nifM 


Table  4.  Frequencies  of  1-Minute  Precipitation  Rates  Measured  Near 
Franklin,  North  Carolina  from  December  1950  to  April  1962 

THRESHOLO  _ _ PERChNT  OF  TIH6  iHflT  <(ATf  IS  ORfATfR  TMAIJ  TH^f<;n0L0 _ 

annual  JAN  fCB  MAA  APR  .-^AY  JUI 


7.946+00  0. 006+00  0.006+00  0. 006*00 

6. 316+00  0.006*00  0.006+00  0.006+00 

5.016+00  0.006*00  0.006*00  0.006+00 

3.986*00  0.006*00  0.006+00  0.006+00 

3.1A6+00  3.116-04  0.nfle*00  0.006*00 

2.516+00  2.186-03  0.006+00  0.006*00 

2.006+00  3.116-03  0.006*00  0.006+00 

1.586+00  4.976-03  1.916-03  0.006*00 

1.266+00  7.786-03  1.936-03  0. 006+00 

1.006+00  1.346-02  7.716-03  4.026-03 

7.946- 01  1.916-02  9. (.16-03  1.216-02 

6.316- 01  3.276-02  1.356-02  1.746-02 

5.016-01  5. 196-02  2.316-02  5.506-02 

3.986- 01  8.726-02  3.666-02  1.136-01 

3.166- 01  1.396-01  7.514-02  2.356-01 

2.516- 01  2.266-01  1.956-01  4.106-01 

2.006-01  3.526-01  3.206-01  6.616-01 

1.586- 01  5.606-01  6.406-01  1.046*00 

1.266-01  8.816-01  1.076*00  1.446*00 

1.006-01  1  .326*00  1.93600  1.956*  0 

7.946- 02  1.796*00  2.716.00  2.686*00 

6.316- 02  2.376+00  1.776*00  3.546*00 

5.016-02  2.986*00  4.846+00  4.546+00 

3.986- 02  3.576*00  5.786*00  5.416*00 

3.166- 0.'!  4.206  +  00  6.726*00  6.25‘:*00 

2.516- 02  4,826+00  7. 676*00  7.086*00 

2.006-02  5.406*00  11.666*00  8.016*00 

1.586- 02  5.916*00  9.456*00  8.676*00 

1  .266;-02  6.346*00  1.006*01  9.44f*00 

1.006-02  6.666*00  1.036*01  1,006*01 

7.946- 03  6.886*00  1.066*01  1.056*01 

6.316- 03  7.066*00  1.086*01  1.076*01 

5. 019-03  7,176*00  1.106*01  1.086*01 

4.206-03  7.226*00  1.116*01  1.096*01 


OPPRATION  643060  51898  74579 

TIME  (MINI 


0.006*00  0.006*00  0.006*00  0.006*00 

0.006*00  0.006*7.0  0.006*00  0.006*00 

0.006*00  0.006*00  0.006*00  0.006*00 

0.006*00  0.006*00  0.006*00  0.006*00 

0.006*00  0.006*00  0.006*00  0.006*00 

2.316-03  0.006*00  O.OOf.  +  OO  0.006*00 

5.786-03  0.086*00  0.006*00  0.006*00 

5.786-03  0.006*00  0.006*00  2.336-03 

8.096-03  0.006*00  2.246-03  1.176-02 

9.246-03  0.006*00  4.486-03  1.876.-02 

1.046-02  O.OOC+00  4.486-03  3.036-02 

1.276-02  2.146-03  6.726-03  7.696-02 

2.206-02  1.716-02  2.026-02  1.076-01 

4.046-02  2.996-02  3.586-02  1.826-01 

7.9/6-02  5.996-02  6. 276-02  3.386-01 

1.426-01  1.246-01  7.846-02  5.226-01 

2.756-01  2.146-01  1.216-01  7.656-01 

5.806-01  4.736-01  2.066-01  1.076*00 

1.036*00  7.2)6-01  3.476-01  1  .386*00 

1.026  *  00  1.0  3  6  *  00  4,7  76  -  01  1  .92  6  *  00 

2.  196*00  1  .456.00  7.. 056-01  2.506*00 

2. 956*00  1.736*00  8,626-01  3.126+00 

).5(.6.00  2.056*00  1  .266*00  3.696*00 

4.319*00  2.616*00  1.726*00  4.366*00 

5.216*00  3.096*00  2.126*00  5.216*00 

5.886*00  3.N26  +  00  2. (>46*00  5.896*00 

(..586*00  4.1  26*00  3.156*00  5.4)6*00 

7.32**00  4.556,00  3.521  *00  5.806*00 

7.82>-*00  5.016*00  4.30l’*00  7.116*00 

8.256*00  5.286*00  4.556*00  7.396*00 

8.586*00  5.416*00  5.016*00  7.586*00 

8.906*00  5.546*00  5.186*00  7.556*00 

9.056*00  5. (>56*00  5.236*00  7.596*1,0 

9.156*00  5.746*00  5.246*00  7.726*00 
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Table  5.  Frequencies  of  1-Minute  Precipitation  Rates  Measured  at  Island 
Beach,  New  Jersey  from  May  1961  to  May  1962 


THRfSwOLO 

ProCFNT 

OF  TIHF  THAT 
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Table  6.  Frequencies  of  4-Minute  Precipitation  Rates  Measured  at  Bogor, 
Indonesia  from  October  1959  to  April  1961 
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Table  9.  Frequencies  of  4-Minute  Precipitation  Rates  Measured  at  Saigon, 
Vietnam  from  January  1964  to  December  1964 
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rHRfbMHLO 

lATF 

AmUMt. 

JAN 

FEB 

HAft 

APR 

HAY 

JUN 

T.’AEtOO 

O.OOf *00 

o.ooe*oo 

O.OOF *00 

6.!)P»00 

o.ooi-*oo 

0.006*00 

0.006+00 

5.0irM)« 

0.00fi*00 

0.006*00 

0.006+00 

S.OUf+OO 

o.oon-too 

0.006*00 

0.006*00 

1.l^r^on 

1.52F-03 

0.006*00 

1 .856-02 

2.Slf ‘firt 

3.0AF-O3 

9.19F.-03 

1.85F-02 

2.no(  *00 

T.Mb-03 

9.196-03 

4.636-02 

i.top*oo 

1  .AOC-02 

9.196-03 

6.486-02 

1  .ZM-^OO 

2.MPb-02 

1.346-02 

6.486-02 

1 .001 *00 

A.  OAF -02 

ji 

j: 

j; 

1.84F-02 

7.416-02 

7.o/.f-0l 

rt.OAF-02 

c 

M 

c 

w 

5.516-02 

1  .516-01 

1 .12r-01 

i 

i 

1 

1 

1.476-01 

2.416-01 

S.OIF-01 

1.7<)fi-01 

m 

1.846-01 

3.066-01 

3.'>»r-oi 

2.19L=-01 

w* 

A 

X. 

*4 

2.306-01 

3.52F-01 

3.1<n-oi 

2.7FC-01 

M 

4* 

3.226-01 

4,446-01 

Z.^^IF-Ol 

3.A2F-01 

9^ 

4.686-01 

5.286-01 

z.nor-01 

'..IXti-Ol 

% 

« 

H 

V* 

11 

5.886-01 

6.676-01 

1  .‘ipr-oi 

A.OOF-OJ 

c 

e 

C 

e 

7,266-01 

7.96F-01 

1  ..■•0*-0( 

5.A'.E-01 

<1 

U 

4 

u 

It 

£ 

8.736-01 

8.436-01 

1  .nOF-Oi 

6.7AF-01 

<J 

t! 

1.066*00 

9.446-01 

7.<)'iF-i)Z 

n.l2F-01 

X 

X 

1.306*00 

1 .076*00 

ft.Mr-<v 

9.32F-OI 

ft 

u 

*t 

u 

z 

<« 

1 .486*00 

1.216*00 

5.01F-0? 

l.llFtOO 

a 

r  .* 

9 

3 

a 

1 .716*00 

1  .516*00 

3.0PF-OZ 

1  .2nF*00 

«» 

% 

S 

It 

2.056*00 

1.706*00 

3.10F-n? 

l.'.7F*00 

1 

h 

2.626*00 

2.066*00 

Z.^-IF-OZ 

1 .71F*00 

^0 

o 

« 

C 

v. 

0 

3.146*00 

2.336*00 

?.oor-o? 

1. OOF *00 

3.476*00 

2,596*00 

1  .sPF-o; 

2.05F*00 

4,006*00 

2.756*00 

l.ZOF-O? 

2.2AF*on 

4,346*00 

2.966*00 

t .OOF-OZ 

2.AAF*00 

4.626*00 

3.106*00 

?.<i'.F-03 

2.570*00 

4.796*00 

3.276*00 

0.3ir-03 

2.T2F.*00 

5.136*00 

3.566*00 

5.nif-o» 

2.fl3F*00 

5.32F*00 

3.806*00 

A.ZOf-03 

2.')7C«00 

5.706*00 

3,946*00 

OFF  PAT  mo 
T|MF  (MINI 

5250A5 

44640 

41 760 

44640 

43200 

43545 

43200 

thpfxmolo 

PcP.OF.NT 

OF 

T|MF  THAT 

RATF  !<;  GRtATFR 

THAN 

TM8F5MOLO 

PAir 


(HH/HINI 

JOL 

AUC 

S6P 

or.r 

MOV 

06C 

7,946*00 

O.OOF+00 

o,nop*oo 

O.OOF+00 

0,006*00 

0,006*00 

0.006*00 

A.3lF*flO 

0.006*00 

0*008>00 

o.noi;-*oo 

o.onr.oo 

n,oni;*no 

0.00l;*00 

5.016*00 

0.006*00 

0*00p*00  . 

0.<)9F*('n 

0.006*00 

O.OOF  *00 

0.006*00 

3.986*00 

0.006*00 

O.OOf  f^OO 

0.00F*00 

0.008*00 

0.001  *7.0 

0,006*00 

3.166,00 

O.OOF+flO 

0*00r*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

2.5ir*00 

8.966-03 

O.OOF^OO 

0.006*00 

0,008*00 

0.008*00 

0.006*00 

2,0or*on 

1.796-02 

O.OOF *00 

0.006*00 

0.006*00 

1 .851-02 

0.006*00 

1.5Hf *00 

7.176-02 

9.266-03 

0.006*00 

2.7lli  -02 

0.006*00 

1 ,26F*00 

1.706-01 

A./.P6-0P 

1. 856 -02 

O.OOF *00 

2.7nF-n2 

0.006*00 

1  .001*00 

2.516,-01 

a.<)6f-o? 

6.486-02 

O.OOF *00 

4.631-0? 

0.006*00 

7.946-01 

3.496-01 

1.70F-01 

7.416-02 

2.696-02 

1  .026-01 

8.966-03 

6.311-01 

4.576-01 

3.3?r-OI 

1.116-01 

5. 386  -02 

2.046-01 

1 . 796-02 

5.0ir-OI 

5.826-01 

1.396-01 

6.176-02 

1.611-01 

2.691-02 

3.9lir-f)l 

6.906-01 

5.02F-01 

2.136-01 

1.256-01 

4,44  6-01 

3.586-02 

3.16F-01 

7.  7U-01 

/..OOF -01 

2,876-01 

2,066-01 

5.19F-01 

6.276-02 

2.411-01 

8.516-01 

a.isf-oi 

4,34|;-01 

3.416-01 

5.746-01 

6.2  16-02 

2. OOF -01 

1.(616*00 

i.o^r^on 

5.376-01 

4.126-01 

6. 396 -01 

11.066-02 

1.586-01 

1  .076*00 

l.?3F>00 

6.116-01 

6.iaf-ni 

7.136-01 

8.966-02 

I.26F-01 

1.166*00 

i.A06*on 

7.226-01 

7.446-01 

9.07F-v'l 

9.866-02 

l.OOF-01 

1  .256*00 

*00 

9.636-01 

8.966-6.1 

9. 911-01 

1 .086-01 

7.941  -02 

1.416*00 

P.AMF*00 

1.116*00 

1.016*00 

1.126*00 

1 .256-01 

6.31F-02 

1 .636*00 

P.T’F*00 

1,366:  *00 

1.16F*00 

l.3IF*n0 

2.066.-01 

5.016-02 

1.816*00 

|AF*00 

1.656*00 

1 . 4  76 1  00 

1.666*00 

2.606-01 

3.986-02 

2.081  *00 

T.AOF^nO 

1.906*00 

1.686*00 

2.096*00 

3.496-01 

3.166-02 

2.221  *00 

3.?;f *00 

2.046*00 

2.001*00 

2.481  *00 

3.6/6-01 

2.41*-n2 

2.411  .00 

f*9??r*Qo 

2.556*00 

2.376*00 

2.776*00 

4.216-01 

2. 00* -02 

2.8llf  *00 

A.SSf^OO 

2.836*00 

2.7.61*  no 

3,191  *00 

5.296-01 

1.586-02 

2.9(F.OO 

<.,*.7F4  00 

3.26^*00 

2,831  *00 

3,4  76*00 

5.4  16-01 

1.266-02 

.'.3  76*00 

S. OAF *00 

3.706*00 

3.0*1 >00 

3.701  *00 

6.001-01 

1  .OOF-0? 

3.596*00 

A.Uf  .CO 

3.811  *00 

3.211  *00 

3.951 *00 

6.276-01 

7.941  -03 

3.926*00 

.00 

3,936*00 

3,4<i|  i(>0 

4.056,01) 

8.  •.06-0) 

6.316-03 

4.076*00 

/..  /A/^tOO 

4. 1 66- *00 

3.6|f *00 

4.231  *00 

1  .1)21  *00 

5.011  -03 

4.131  *00 

7.01F400 

4.206*00 

3.  746*00 

4.511  ,|I0 

1.121 .00 

4. 206-03 

4,516*00 

4. 306*00 

■>..>  71  *00 

4.5/1.00 

1 .136  *00 

ni'FPAI  |(IN 
tlMF  IHIKl 

44640 

A^/.40 

4  3200 

44440 

4  3200 

447,40 
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Table  10.  Frequencies  of  4-Minute  Precipitation  Rates  Measured  at  Danang 
Vietnam  from  January  1963  to  February  1964 


THRKSHOLO 

RATE 

(MH/HINI 

PERCENT 

OF  TIME  That 

PAT6  15  r,R6AT6P  THAN  TIIRTSHOLO 

ANNUAL 

JAN 

668 

MAR 

APR 

MAY 

JUN 

7.94E+0n 

O.OOE*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

A.3ie+00 

0.006*00 

0.006*00 

O.0OE*OO 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

5.016*00 

O.OOF*O0 

0.006*00 

o.oac*oa 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

3.9fl6*00 

0.006*00 

0.006*00 

0,006*00 

0.006*00 

0.006*00 

0.006*00 

(1.006*00 

3.15E+00 

6.726-06 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

3.51E*00 

6.726-06 

0.006*00 

0.006*02 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

n.OOFtOO 

3.366-03 

6,686-03 

0.006*00 

9.006*00 

0.006*00 

0.006*00 

0.006*00 

1.58E*00 

0.616-03 

6 ,686-03 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

1.35F+00 

2.. 326-02 

1.366-02 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

1.006*00 

3.766-02 

2,696-02 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

7.0AF.-01 

6.866-02 

5.386-02 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

6.31E-01 

1.066-01 

6.276-02 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

5.01E-(M 

1.606-01 

8.516-02 

9.7SC-03 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

3.086-01 

2.196-01 

1.166-01 

1.6<,6-02 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

3.166-01 

2.036-01 

2.026-01 

1.956-02 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

7.5IE-01 

3.796-01 

2.736-01 

3.616-02 

8.966-03 

0.006*00 

0.006*00 

0.006*00 

2.00F-01 

6.021  -01 

3,726-01 

6.366-02 

3.586-02 

0.006*00 

0.006*00 

0.006*00 

1.586-01 

6.316-01 

5.336-01 

1.026-01 

1.526-01 

2.786-02 

0.006*00 

0.006*00 

1.76E-01 

7.86F-01 

7.666-01 

1.666  -01 

2.516-01 

5.566-02 

0.006*00 

9.266-03 

1.006-01 

9.366-01 

1.026*00 

1.806-01 

2.786-01 

8.336-02 

0.006*00 

9.266-03 

7.O6F-07 

1.136*00 

1.326*00 

2.836-01 

3.056-01 

1.116-01 

8.966-03 

3.706-02 

6.3 U -02 

1.356*00 

1.686*00 

3.756-01 

3.326-01 

1.946-01 

1.796-02 

9.266-02 

5. 016-02 

1.656*00 

2.226*00 

5.516-01 

3.416-01 

3.246-01 

3.586-02 

1.116-01 

3.086-02 

1.806*00 

2.616*00 

6.876-01 

3.676-01 

4.356-01 

8.966-02 

1.396-01 

3.166-02 

2.156*00 

3.006*00 

9.316-01 

3.766-01 

6.396 -01 

1 .526-01 

1  .486-01 

2.016-02 

2.636*00 

3.526*00 

1.136*00 

4.036-01 

8.436-01 

2.606-01 

1.946-01 

2.00F-0? 

2.756*00 

6,006*00 

1.636*00 

4.576-01 

1.086*00 

3.146-01 

2,136-01 

1.58F..02 

3.082*00 

6,686*00 

1.716*00 

4,756-01 

1.316*00 

3.856-01 

2.316-01 

1.26F-0-. 

3. ',86*00 

6,966*00 

1.996*00 

5.026-01 

I  .586*00 

5.026-01 

2.696-01 

l.nOF-02 

3.726*00 

5.666*00 

2.326*00 

5.206-01 

1.716*00 

5.826-01 

2.966-01 

7.066-04 

6.066*00 

5.916*00 

2.626*00 

5.386-01 

1  .806*00 

6.636-01 

3.066-01 

6.316-01 

6.396*00 

6.676*00 

2.896*00 

5.656-01 

2.066*00 

7.896-01 

3.436-01 

5.0,6-03 

6.676*00 

6.726*00 

3.306*00 

5.656-01 

2.256*00 

8,426.-01 

3.896-01 

6.206-03 

6.896*00 

6.986*00 

3.506*00 

6.726-01 

2.506*00 

8.696-01 

4,076-01 

noFRATION 

595060 

892H0 

82080 

44640 

43200 

44640 

43200 

TIHC  (MINI 

THRESHOUO 

PERCENT 

06  TiMP  Thai 

RATE  1.5  OREAIER  THAN  THRESHOLD 

flATF 

(MH/HINl 

JIIL 

Aur. 

SEP 

OCT 

NOV 

OFC 

■ 

■ 

— ■ 

7,946*00 

0,006*00 

0*00F*00 

0.006*00 

0,006*00 

0.006*09 

0.006*00 

6.316*00 

0.006*00 

0o0or*oo 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

5.016*00 

0.0.16*00 

0.onF*on 

0.006*00 

0.006*00 

0.006*00 

0.006*00 

3.986*00 

0.006*00 

OoOOF+OO 

0.006*00 

0.006*00 

n,P06*00 

0.006*00 

1.166*00 

0.006  *  00 

O.OOfi^OO 

0.00p*00 

8.966-03 

0.006*00 

0. oof;  *00 

2.516*00 

0.O0P*O0 

o*noF*oo 

0.906*00 

,1.966-03 

0.006*00 

0.006*00 

2.006*00 

fl.00‘-*00 

o,no‘=^on 

1. 856-02 

-1.966-03 

0.001  *00 

1.446-02 

1.586*00 

1  .796-0? 

l,fl0F-04> 

5.566-0? 

8.966-03 

0.006*00 

2.876-02 

1,266*00 

3.586-02 

2.70H-0? 

1.026-01 

3,586-02 

5.566-02 

2.876-02 

1 .006*00 

3.586-0? 

2.70r-0? 

1.946-01 

7.176-02 

1.026-01 

4.316-02 

7.946-01 

8.966-02 

A.Agp-o? 

2.876-01 

1.976-01 

1  .676-01 

5.756-02 

6.31E-01 

1  .256,-01 

A,AOr-02 

5.006-01 

3.056-01 

2.8/6-01 

8.626-02 

5.016-01 

1.526-01 

7.6.»e-01 

4.306-01 

4.816-01 

1.72C-01 

3.986-01 

1  .976-01 

9.nit-oi 

5.916-01 

6.39E-01 

2.736-01 

3.166-01 

2.516-01 

upoe-oi 

1.246*00 

7.89  6-01 

7.506-01 

5.176-01 

2.516-01 

2. 786-01 

?, I0f~0\ 

1.566*00 

1.036*00 

H,H<H;-ni 

7.766-01 

2.006-01 

3.326-01 

l.l'iF-OI 

1.876*00 

1.376*00 

1 .1 36*00 

1.166*00 

1.586-01 

3.586-01 

A,nF-oi 

2. 246*00 

1.606*00 

1.436*00 

1.686*00 

1 .266-01 

3.856-01 

5.03r-0l 

2.626*00 

1.936*00 

1 .736*00 

2. 186;  *00 

1.006-01 

4.30E-01 

‘••ftAF-OI 

2.986*00 

2.206*00 

?.03P*r0 

2.696*00 

7.946-02 

4.576-01 

7,10F.-0l 

3. 396 *00 

2.636*00 

2.296*00 

3.456*00 

6.316-02 

5.206-01 

fl.72f-0l 

3.916*00 

3,156*00 

2.616*00 

4.026*00 

5.016-02 

6. 001-01 

4.396*00 

3.77.6*00 

3.17,6*00 

4.906*00 

3.986-02 

6.726-01 

4.876*00 

4.316*00 

3.516*00 

5.456*00 

3.166-02 

7.446-01 

1 •A7n*00 

5.3»f*09 

4.92(*00 

?.H46*00 

5.«»6*00 

2.516-02 

8.696-01 

u7or*oo 

5.756*00 

5,516*00 

4.256*00 

6, 226*00 

2.001 -02 

1.016*00 

?.norM)a 

6. 16(  *00 

6. 366*00 

4.516*00 

6.626*00 

1  .586-02 

1.326*00 

2. ’21 *00 

6.976*00 

7,186*00 

4.816*00 

7. 216*00 

1.266-02 

1.406*00 

P.'.Ob  *00 

7.556*00 

7.896*00 

5 . 1 6F  *  00 

7,636*00 

1  .006-02 

1 ,596*00 

7,nnF-»oo 

11.096*00 

8.766*00 

5.496*00 

U. 0  76  *00 

7.946-03 

1.656*00 

j.ns*  *00 

8,816*00 

9.726*00 

5.996*00 

8.786*00 

6.111-03 

1.771  *00 

^•^2F+00 

9. 386*00 

1.07,(  *01 

6.1''.!  t.'O 

9.441  *00 

5.016-01 

1 .856*00 

9.781  *00 

1.14(*01 

7..  5,11  .00 

9. 71i  *00 

4,206-03 

1.946*00 

*00 

1.0*1*01 

l.l**!  *01 

7,.  I4(  *00 

9,946*00 

OPPPAT ION 
(IHI-  (MINI 

44640 

AA*iOn 

4  3200 

447.40 

4  1200 

2  7840 

Table  11.  Frequencies  of  4-Hinute  Precipitation  Rates  Measurec.  -at  Pleiku, 
Vietnam  during  the  years  1963  and  1965 


THRFSHntO 

PEPCSMT 

OF  71  HE  fMAf 

RAIf  OKFATfR  THAN  THKFSHOLO 

PATS 

(MM/MIN) 

AfJMML 

JAM 

FEB 

MAR 

APR 

MAY 

JUN 

0. OOF,  ►00 

o.oor*oo 

O.00E*00 

O.OOE+00 

0. OOF *00 

fl.00E*O0 

<..^1F*00 

O.OOFtOO 

0.00F*0O 

o.ooE*oo 

o.noF*oo 

O.OOF+00 

O.OOE+00 

'■..OlptOO 

0. OOF  too 

O.COFtOO 

0.  OOF;  *00 

n.ooEfOO 

0.00E*00 

O.OOFtOO 

3.'»Ff*00 

0.006*00 

0.00£*00 

0. OOF *00 

o.ooc*oo 

O.OOF>00 

O.OOF+OO 

3.U,F<-00 

5.0nE-04 

0.0OE*0O 

0.0nE»00 

O.OOE.OO 

0.00E*00 

O.OOE*00 

2.51F*00 

2.5AE-03 

O.O0E«OO 

0. OOP *00 

0.O0E*00 

o.ooe*oo 

O.OOE+OO 

?.nnF*oo 

A.f)0E-03 

O.OOE*00 

0.0OF»00 

4.63F-03 

1 .79F-02 

0.00£*00 

l.‘i«F*()0 

<).7,5E-03 
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TaJblp  12.  Frequoiioles  of  1-Minute  Precipitation  Rates  Measured  at  Walnut 
Gulch,  Arizona  during  July  through  October  in  the  years  1960 
through  1963 
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Table  14.  Frequencies  of  2 -Minute  Precipitation  Rates  Measured  on  Gage- 

Line  2-40  in  the  Florida  Thunderstorm  Project  from  Hay  19 ,  1946 
to  September  20 ,  1946 
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Table  15.  Frequencies  of  2-Hinure  Precipitation  Rates  Measured  on  Gage- 

Line  23-42  in  the  Florida  Thunderstorm  Project  from  May  19,  1946 
to  September  20 ,  1946 
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Table  16.  Frequencins  of  1-Hinute  Precipitation  Rates  Measured  by  Gage  §32 
in  the  Florida  Thunderstorm  Project  from  May  19 ,  1946  to 
September  20 ,  1946 


itiRESHOLO  _  prK'^nf  ''*=  riKC  it«Ai  hatf  is  f.oc-ArFa  iham  r>mESHOLO 


RATK 

' '  ^  '■ 

(MH/MINJ 

ALL  OATA 

MAY 

Mi 

JliL 

AUG 

SFP 

1.<>«Ft00 

i.i?e-oi 

0. one *00 

O.OOLtOO 

O.OOF.OO 

6.PAF-03 

o*oor*oo 

*00 

1.l7F-0^ 

O.oof .on 

4.Mf  -03 

7.7'.F-03 

4.4hF-03 

3.(.lF-03 

7.Slf *00 

1 

1  ..'  >f  -07 

1.  IOf  -0? 

1.67r-n7 

1.17F-07 

1 .Ohr-02 

1 . oof *00 

1  ,*  'f  -07 

1.  lAf -07 

4.4Hr-07 

7.611—07 

3 .61F-02 

1  *00 

s.ni  -o; 

7.7'.F-n? 

l.Olh-O? 

H.06f-07 

6.03F-n? 

7.77f*-02 

1  .?».f  *00 

'<.7lF-07 

/.*'  'f  -07 

A.4m--o7 

1.7Af-0,l 

A.7/P-07 

1 tiif-Ol 

1  .Oftf  *00 

1 .  <oF-oi 

1 .Of -01 

o.O'Ir-07 

1.66F-01 

o.HAe-n; 

7.0(.F-01 

7.'14f-01 

1  .PU  -f«l 

-itj 

l./Hf-O! 

1. OOP. PI 

1. 5ir-oi 

7.67F-P1 

>ir-oi 

-01 

1.  ;*.*  -01 

1  ./.Of  -01 

7.61F-ni 

l.M4f.-0| 

7.761-01 

•i.riF-oi 

?,^\t  -0| 

4.A*r-oi 

7.n£-01 

7,n*<r-oi 

7,601—01 

3  .,'6'— ill 

■(.OBf-Ol 

i.o-r-m 

4,7'.f  -01 

7,nnF.oi 

3.'.1F-01 

1.  i>-r-oi 

3.H.l(-01 

-m 

■<<  -fM 

SAhi  -01 

i.noF-fii 

//e..oi 

4 • /Af "01 

7.'-ir-oi 

4,A4I "01 

s,n  t*  -m 

'..3‘.i-01 

A.AHf  -01 

4,  irf-m 

6.611-01 

1  .oir-oi 

S.^Cf -01 

6.1  .*-01 

A.  I‘t|  -01 

'•.  Ml  -oi 

4,*^«»  -01 

0.1 /r-01 

l.01f-01 

K.F-OI 

H,  1  *»  -01 

6.710-01 

0.!.}F-P1 

S,40f‘"0| 

;.iir-oi 

1  ,?>,l  -Ol 

/.  «7|  -01 

-M 

6.41i  -01 

7.n/.r-oi 

A.POf-OI 

AtOlf  -01 

1  .0(11  -01 

P  ,  4  1  L -0 1 

|.17f*»00 

7.  Jol-Ol 

n.7SF-0» 

6.  /'ir-oi 

9.701-01 

1  ,0/'|  n’O 

\  .'.T  .00 

P.7Sf--0| 

1. |4f *00 

n.OAh-oi 

1 .07r .00 

O.MF-O? 

1 r  ‘fo 

1  .A^*»  »i»n 

l.OiLtOO 

1.  >7r*(>o 

n.  IHF-oi 

l.i'O  *00 

1 ,  •  %  *00 

\  .HXi  ton 

1.  171;. 00 

l,>4c*no 

l.o*/f.*no 

1 »00 

1  ,4'|.  lOO 

7.041  *00 

1.  .■'•;.00 

1,704.00 

1.73F.OO 

1  .611-. no 

i.lhF-o;> 

1  .'  71  *-'0 

7.10  .(’O 

I.A  »F*oo 

l,M..e*oo 

1.  1  if  *00 

1 .S7r  *00 

ir-o? 

1  ,  h%t  •‘»»I 

;.?M  *00 

1.641.00 

7.0'.(*no 

l.p;f*oo 

1  .(I'.r.iii) 

1  .‘Kir-o? 

1 *00 

»nn 

}.70f*00 

7. 1(IF*0P 

1.  *•61 .6(7 

1 .  mr  *00 

I  .HF-n? 

1  ,<*«r*no 

7.41|  too 

1 .7(11  *00 

7*7SC*00 

l.s//*O0 

1.731'. 00 

1 .7or-o? 

1  4'»4t  *00 

?.A7F.nn 

l.noh.oo 

7.7nF.PO 

l.6?F*no 

1 .76r  *00 

1  .oof-o? 

1  .'-HU  in 

7,Al»..rn 

l.ftSf*00 

7.34F‘O0 

1.  Asr-foo 

1 .HOF. 00 

.>,Ln<  ton 

l.HSf*00 

7.  3SF*nO 

UA/i  *00 

1  .IMF  *00 

-m 

7.011  *00 

7,  A  ie.no 

1 .»AL*00 

7.4PF.O0 

1  ,/W»  *00 

l.Hnf'tOO 

,0'i»  *00 

7,' 7^  *00 

l.ft7e*00 

7.43A*00 

\ , /Oh  *00 

1 .911  *110 

7.1'  IJ  *00 

7.A>etoo 

1  ,H  /f-tOO 

7.44F*00 

! .  UA  *00 

7.V4I *00 

■J.IOF-O^ 

7.101  *00 

7.* /I  *00 

1  .flHf-ton 

444*00 

1.  /  /r  *00 

7t()ne*no 

-<n 

7. m  *00 

7,#  ,»•  ♦(tO 

1 .o/fton 

7.4sf  *00 

1  ,  VAhtOO 

7.  IA<  »')0 

7.1  /L  *00 

7,'</»  too 

1, not *00 

?.4Ar  .  Afy 

1,  7Hh*00 

7.11(1  *00 

1  .‘ipf-n'j 

?.  *lf  *00 

i , 04  r ♦ 00 

7,rof *00 

7.  A7*'*00 

1 , 7'>r*00 

7*  P>|  *00 

I  .701  -OJ 

7.7  If  *nfi 

>  .041  «r»o 

7,OM  *00 

7.‘>ir*no 

l.7'‘f*O0 

7.1  or *00 

1  ,nnf  -n-i 

7  .  >  U  *0  1 

^,Okf.  *00 

7.0a 1*00 

7.S'^4*i)0 

1 ,  7'U  *00 

7.704*00 

1,-tl.l  -04 

7 .  ' '  • no 

1 ,0»..  .frO 

11*00 

7.  AU*nO 

J .  /iff  t  00 

?.70F*00 

A,  M» 

?  ,  'Hi  *00 

ton 

inf  •''O 

7.5nf *no 

I .  /<n  *00 

7. 70 F *00 

^.n)f .04 

7..»»»'*on 

1,*  1  too 

!•*!  loO 

7. OOF* 00 

i.7'>r*(to 

7. 7  IF *00 

'),OM»-.n4 

? ,  »'iL  ton 

i,<  .*  ton 

>.70f  *00 

7.014*00 

1 . 7"ii*nn 

7.7ir*no 

lAr-04 

7.  T  *no 

*  .r-'  1  toO 

7,  .'01  *00 

7.A|4*nft 

1,  /*n  *00 

?.?IF*O0 

t'jn 

1,  ■  *00 

’.711 .00 

7, Ajr*O0 

l.f «•!  *00 

7.711  *00 

^.onr-n/. 

7 . 1  (1  >  (in 

1,  v.i  ton 

7.’lt-.r.0 

?.Al4*O0 

1  ,<«4l  *00 

7.7nr  *<10 

1 ,HrtF-rt4 

',17*  tnri 

^,on^ .no 

7.-<U*«’0 

7.  AlF‘t'0 

*00 

7.791  *00 

1 .?AF-04 

7,171  *00 

J  .O’lf  tOO 

7.311  .no 

7*Air*no 

l.OM  *00 

7.79F  *00 

) .onr^n4 

7.  t  »l  *00 

3, nor  *00 

’.3|r.0() 

7.61F*nO 

1 .  nsi3*no 

7.?')F*00 

nt'FRAT  SflN 

T|MF  <MIh) 

1  rconn 

1711(10 

4J700 

44A40 

44A40 

71770 

I 


-38- 


Table  17.  Frequencies  of  2-Minute  Precipitation  Rates  Measured  by  Gage  §22 
in  the  Florida  Thunderstorm  Project  from  May  19 ,  1946  to 
September  20 ,  1946 
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